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ABSTRACT 
VALIDITY OF THE FACILITY LOAD LISTING 
by 
Robert E. Bauder 
1. 
' The Facility Load Listing is a computer produced tabulation of 
the kva load flowi.ng through key nodes on each distribution line of e2ch 
Pennsylvania Power & Light Company's (PP&L) distribution substation. 
The kva, as determined from measured amperes and voltage, and assu:-ned 
power factor of each line,is prorated along the line according to the 
kwh used. 
In this thesis the power factors of typical residential, 
comrnercial and industrial line loads are examined and the values arrived 
at can be used in the Facility Load Listing. Partial electric residential 
load consists of resistance and some motor loads and has a po~cr factor 
of 907.. Total electric residential load is primarily resistance load 
and the power factor averages 95io. Commercial load,. with resista:1ce, 
fluorescent and motor loads, has an average power factor of 85%. 
Industrial load~ predominantly motor loads, has an av~ragc ?ower ... tactor 
of 80%. Along with the type load supplied the le~gth of line 
• 
• 
--,-- .. ...,n \ , ......... .:, "-- - ~ 
considered before specifying the line tenr.inal po~er factor. If :h~ lead 
center is over five miles from the substation, the line losses ~ill 
reduce the terminal power factor by 37. • • 
The otl1er assumption upon which the Facility Load Li..sc!.ng is 
based is that the line kva can be prorated according to the bi!l~r:6 ~~~ 
used. 'The load at 139 - 12 kv taps was measured by ar.";1ete~ and c~par.~ti 
with the kva calculated by the kwh used. This exposed the prohlc:-i!t ui.!:. 
neasurements such as: what amount of switched ca?acitors were o~ the 
• line during the measurement; what load ch2.nges occurred be t¥1eer. r:-,i!asure:,,ents; 
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. -. 
. -
·.• 
• 
2 • 
daytime residential measurements do not represent peak load period, etc. 
A good approximation of the amount of load at a node is, therefore, all 
that can be arrived at economically by measurement or calculation. The 
calculated kva value was within 30% of the measured kva value at 109, 
f: 
or 78%, of the· taps. This degree of agreement is adequate considering 
the problems with measurement and that the measured line terminal load 
is being prorated and, therefore, cannot be exceeded. The calculations 
and the calculated voltages are within 2% of the measured voltages. 
It is hereby concluded that the Facility Load Listing is a 
good representation of the distribution line load division for use in 
voltage calculations • 
• 
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PREFACE 
This thesis is the result of many years of distribution line 
calculations of load and voltage conditions. Manual determination of 
the voltage conditions is quite time consuming including collectin~ the 
load data, the wire sizes and distances, and performing the manual 
calculations. The computer offers the many advantages of speed, organi-
zation, and accuracy to the operating engineer in monitoring and improving 
the distribution system's load and voltage conditions. The author 
appreciates the interest and encouragement of Mr. R. K. Moore, Mr. John 
Redmond and Mr. Q. D. Novinger in the thesis topic. The author is also 
grateful to the linemen, technicians and typists who assisted in the 
preparation of the difficult text. The author is particularly appre-
ciative of the guidance of Mr. John Roth in clarifying and improving 
the thesis. 
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1. 
ABSTRACT 
The Facility Load Listing is a computer produced tabulation of 
the kva load flowing through key nodes on each distribution line of each 
Pennsylvania Power & Light Company's (PP&L) distribution substntion. 
The kva, as determined from measured amperes and voltage, and assumed 
power factor of each line,is prorated along the line according to the 
kwh used. 
In this thesis the power factors of typical residential, 
commercial and industrial line loads are examined and the values arrived 
at can be used in the Facility Load Listing. Partial electric residential 
load consists of resistance and some motor loads and has a power factor 
-
of 90%. Total electric residential load is primarily resistance load 
.. 
and the power factor averages 95%. Commercial load, with resistance, 
fluorescent and motor loads, has an average power factor of 857.. 
Industrial load, predominantly motor loads, has an average power factor 
of 80%. Along with the type load supplied the length of line must be 
considered before specifying the line terminal power factor. If the load 
center is over five miles from the substation, the line losses will 
reduce the terminal power factor by 3%. 
The other assumption upon which the Facility Load Listing ia 
based is that the line kva can be prorated according to the billing kwh 
used. The load at 139 - 12 kv taps was measured by arrm1e ter and compared 
with the kva calculated by the kwh used. This exposed the problems with 
measurements such as: what amount of switched capacitors were on the 
line during the measurement; what load changes occurred between measurementai 
2. 
daytime residential measurements do not represent peak load period. etc. 
A good approximation of the amount of load at a node is, therefore, all 
that can be arrived at economically by measllrement or calculation. nte 
calculated kva value was within 30% of the measured kva value at 109, 
or 78%, of the taps. This degree of agreement is adequate consirlering 
the problems with measurement and that the measured line terminal load 
is being prorated and, therefore, cannot be exceeded. The calculations 
-
and the calculated voltages are within 2% of the measured voltages. 
It is hereby concluded that the Facility Load Listing is a 
good representation of the distribution line load division for use in 
voltage calculations. 
VALIDITY OF THE FACILITY LOAD LISTING 
INTRODUCTION 
3. 
Beginning in 1965, a printout of the approximate kva load at 
coded points along the many company 12 and 4 kv distribution lines was 
made available by the data processing group of PP&L to the operating and 
planning groups of the company. 'nle loads were not measured at each of 
the points on the distribution lines using ammeters or watt~eters; but 
rather, were determined by prorating the line load measured at tl1e sub-
stations to the various nodes on the distribution lines according to the 
percentage of the total kilowatt hours used at that location. Thia 
printout is called the Facility Load Listing. 
The Fac-ility Load Listing was made available for use along 
with previously utilized billing demand and field survey information in 
the calculation of line voltage levels, capacitor requirements and oil 
circuit recloser (OCR) load checking. The Facility Load Listing, issued 
annually, has become a very useful manual tool of the operatin)~ engineer. 
1 The data is well organized, systematic and in much greater detail, as to 
the number of nodes shown, than is practical when taking field readings. 
In 1967 a voltage profile computer program was made available 
to the operating engineers which automated the previous manual calcula-
tions being made to determine capacitor requirements. By submitting an 
input data- sheet including the line wire sizes, distances, kva loads, 
power factor, capacitors, substation voltage levels and substation short 
circuit duty in a standard format, a printout of line voltages and a 
graphical representation is produced by the canputer. The load informa-
tion from the Facility Load Listing has been very useful to the operating 
engineer in preparing the voltage profile load data. The voltage profile 
program is quite popular and time saving to the operating engineers and field personnel. 
4. 
Since 1967 the capacitor and OCR inventories have been placed 
on the computer in the same code sequence as the Facility Load Listing. 
The distribution wire sizes and lengths inventory in code sequence is 
planned for storage in the computer. Merging the Facility Load Listing 
and these inventories by code sequence will produce the input data 
required for the voltage profile program. 
To completely automate the distribution voltage calculations 
in this manner, the kva loads by location in the Facility Load Listing 
must adequately represent the distribution system loads because the line 
voltages will be calculated without manual manipulation of the data. 
Direct use of the Facility Load Listing requires precise input kva and 
power factor for each line or all voltage calculations will be meaning-
less. 
i 
I 1 
5. 
STATEMENT OF PROBLEM 
What is the power factor of the load on a 12 kv distribution 
line serving primarily residential load most of which is located within 
two miles of the substation? If the load on the distribution line were 
primarily connnercial or industrial what would the po'wer factor be? Would 
the power factor at the line terminal of the distribution line change if 
most of the load were located five or more miles from tr1e sut1station? 
The answers to these questions are essential to the engineer ~:akinR a 
distribution line voltage calculation or to one submitting the input 
data for the Facility Load Listing. 
Also, how can the line tenninal kva load be prorated by the 
computer to locations along the distribution line, with a minim.um of 
manual effort, so that reliable voltage calculations can be made using 
this data? Does the present method used for the Facility Load Listing 
of prorating the line terminal kva by where the kwh are t.1sed adeql1ate ly 
prorate the line load and are the voltages calculated from these loads 
representative of field conditions? Or is another method needed? 
These questions about the Facility Load Listing ~list be answered 
before the kva loads in the listing can be used as inpt1t to the volta~~c 
profile program. If the line loads can be relied upon then so can the 
voltages calculated from these loads. It would then be possible to 
monitor distribution line loads and voltages by computer like distribu-
tion transformer loads are presently monitored and utilized. 
I 
·1 
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6. 
UTILITY POWER DISTRIBUTION 
Electric utilities distribute electric power to their cuatoa:.era 
over a wide area by many lines. On the PP&L system there are over 
800,000 customers on the 12 and 4 kv distribution systems. These 
customers are served from over a 100 distribution substations and over 
500-12 and 4 kv distribution lines. Some customers are near and scxne 
are as far as 20 miles from the distribution substation. Some are 
supplied three phase power and others are supplied with single phase 
power. No matter the location the custcmer must be supplied no greater 
than 5% above nor more than 5% below the nominal voltage level under 
normal conditions for his equipment to operate properly. This requires 
continual review by the operating engineer of line load, po~er factor and 
vottage conditions and installation of capacitors and/or voltage regulator• 
to ma-intain the customer's utilization voltages wit11in tr1is range. Aleo, 
satisfactory service continuity is required which necessitates ~onitor-
ing line loading and fault detection throughout the sprawling distribution 
system. 
MASSIVE DATA REQUIREMENTS 
In order to monitor and correct the inadequacies of the distribu-
tion system, the line load must be periodically measured and voltage charts 
taken. On the PP&L system load readings are taken at every OCR at least 
once a year. Voltage charts are continually being taken at every diatri• 
bution substation. 
The following describes some of the data which is necessary to 
·operate a distribution system: 
(1) Voltage checks are being made daily due to customer 
requests. Corrective action is taken when necessary. 
• 
(2) Transformer loads are checked and overloaded 
transformers are replaced. Timely replacement 
avoids failure and customer dissatisfaction. 
(3) The line wire sizes are noted on maps, file 
cards or field checked when otherwise unavail-
able. 
(4) On a three-year cycle meters are installed at 
each substation on each transformer and 
distribution line to show the kilowatt and 
kilovar loading and line power factor. The 
survey also includes a voltage chart at one 
location out toward the end of each line. 
These kw-kvar surveysare useful in monitoring 
the adequ~cy of the substation, lines and voltage 
levels for distribution of power. 
(5) In certain areas the distribution transformers 
are on taps in order to maintain a satisfactory 
voltage level and a record is kept of this. 
(6) Large customer billing is updated and available 
monthly for use in load and voltage studies. 
7. 
As is evident, there is considerable data to obtain. record, 
store, and utilize for distribution management. Due to the technical 
nature of most of this information, technicians and engineers are required 
to analyze and make calculations with the data to manage the distribution 
system. 
COMPUTER APPLICATIONS AND FUTURE DEVELOPMENTS 
Use of the computer in distribution management began vith coding 
of customers to distribution transformers and 
l 
load management system. This system utilizes the customer kvh usage 
data, the transformer nameplate kva and the number of custcxners served 
8. 
by each transformer to detennine the load on the transformer. This infor-
mation is listed in pole number sequence for use by field personnel in 
dete11llini~ the adequacy of the transfonner for addi tiona 1 customers. 
which transformers are overloaded and which need to be rep laced wi thot1t 
requiring field load measurements. This procedure has saved considerable 
manpower, equipment and untimely customer interruptions. 
Next, the Facility Load Listing was developed utilizing an 
electrical sequence code, assigned each transfonner, and the kwh usage 
data in the computer to create a kwh total being supplied through each 
node of the distribution lines. With input from the operating engineers 
of line amperes, capacitors and power factors, and substation voltages 
at the peak period, the kva supplied by each line is stored in the 
computer. A multiplication factor for each line is t}1en detcrr:i;ined by 
dividing the line's kva by the line's total kwh. By multiplyin:.~ tr1e kwh 
supplied through a section of line by the kva/kwh factor a kva 1oad for 
that section of line is determined. This is repeated for all of the 
line's sections. See Appendix I, Page 62, for a more detailed explana-
tion by Mr. T. Arnold and Mr. M. Pavuk of PP&L Company of the formulation 
of this Facility Load Listing. 
PRESENT USE OF COMPUTER DATA 
The operating engineers compare the line loadings determined 
by the annual or special field tong (instantaneous) and maximeter (demand) 
annneters, billing data, and the Facility Load Listing to determine what 
amount of load they should use at what nodes to properl~l represPn t tr1e 
peak load on the distribution line. They then prepare a one-line diagram 
of the line. At this point he can use the voltage profile computer program, 
9. 
described previously, to calculate existing voltage levels. 
There is considerable comparing of the ammeter readings, billing 
data, and Facility Load Listing loads prior to deciding on the amount load 
to be used at a node to represent the line load. This scrutiny is time 
consuming but judged necessary due to the observed differences between 
the calculated load on the Facility Load Listing, tong aameter readings 
and large customer demand readings. 
';:- ... 
10. 
PROPOSED SOLUTION 
Proposed Practice 
1. In this thesis broad usage of the Facility Load Listing. 
with correct power factors, and peak load for the lines, will t)c rcc~ended. 
Direct usage of this listing will save considerable time without sacri-
ficing accuracy in voltage management of the distribution system. 
2. Programming can be begun to: 
A. Create a wire size and distance inventory 
of the distribution system. 
B. Combine the capacitor and wire size inventories 
with the Facility Load Listing data. Process 
this data group through the voltage profile program 
to calculate voltage levels throughout the entire 
PP&L distribution system and recouunend capacitor 
additions where necessary. This will eliminate 
much manual data handling by engineering 
personnel freeing them for more challenging 
engineering studies for which there is presently 
limited time available. 
C. List where the conductor size is inadequate for 
the present load so replacement or additional 
line facilities can be planned. 
D. This system could be further developed for load 
projection and new substation studies by planning 
• engineers. 
3. Once programmed, this system would have a much lover coat 
and produce faster results than the present manual methods. The manpower 
would be made available to analyze data and engineer improvements, rather 
than measuring and logging data. 
11. 
POWER FACTOR DETERMINATION 
The Facility Load Listing will be useless if the line power 
factor is incorrectly supplied. In reviewing the Facility Load Listings, 
for distribution lines in the PP&L Company, the peak load power factor 
value without capacitors has been input as low as 50% and as high as 
100%. This is definitely not in agreement with field loc"ld conciitiona 
and, therefore, the calculated kva loads for these feeders deviate 
excessively from measured loads. One of the primary thrusts of this 
thesis is, therefore, to analyze the customer's equipment, their load 
and typical distribution lines to establish proper power factors for 
the various types of distribution lines in the PP&L system. 
ASSUMPTIONS 
1. Although some PP&L distribution lines supply considerable 
amounts of both industrial, commercial and/or residential type loads, 
the power factor to be assigned to the line should be that of the pre-
dominate type load. This can be determined when the peak load on the 
line occurs. The error introduced will be small by assuming the power 
factor unifonn over the entire line because the trend for the different 
type loads is a connnon winter peak at 10-11.AM on very cold week days. 
(See chart on Page 56 of recent PP&L peak loads and time.) Adjustments 
for the minority type loads can be made later in the field, a coamon 
operating function. 
2. The last billing by PP&L that included power factor 
measurements of cus.tomer loads was in 1964. Although electric heat ia 
starting to be used more in industrial and coonnercial applications, it 
is still a small percentage of the total load. Since 1964, more air 
conditioning has been installed per business than before. Ho~ever, 
as will be shown, the power factor of these air-conditioning three phase 
12. 
motors is quite high so it can be assumed that the industrial and 
coom~rcial power factors measured in 1964 are still representative of 
the utilization power factor of these classes of customers. 
PROCEDURE 
The typical power factor values of predominantly residential, 
conm1ercial and industrial distribution lines depend on: 
1. The power factor of the electrical devices 
utilized in residences, commerce and industry. 
2. The resultant power factor experienced at the 
service entrance for typical residential, 
conunercia.1 and industrial customers. 
3. The diversified terminal power factors for lines 
predominantly residential, commercial and 
industrial. 
The sections follow in this order. 
1. ELECTRICAL EQUIPMENT POWER FACTORS 
A distribution system power factor study must begin with the 
design and operating power factor of typical single phase and three 
phase deviceso 
A. Single Phase motors - The majority of single 
' 
phase motors are split winding capacitor start/ 
induction run 1800 rpm motors. Some of the 
motors coumion to residences are: 
(1) The household refrigerator and de-
humidifier motors conmionly rated at 
\ horsepower, 4.5 amperes and 115 volts. 
(2) Washing machines and home power saws have 
\ horsepower motors, drawing 8\ amperes and 
are rated at 115 volts. 
13. 
(3) The size of residential air conditionera 
may run as high as five horsepower and 
draw 22.5 amperes at 230 volts. 
The determination of the operating power factor of these single 
phase motors is on the basis of their size primarily. Figure l, PnRe 14. 
was obtained from Page 18-54 of Reference 1, the Standard Handbook for 
Electrical Engineers, and shows the power factor to be approximately 
68% for\ horsepower motors, 72% for\ horsepower motors and 844 for 
five horsepower motors. These power factors were verified by formula 
18-53 on Page 18-55 of Reference 1: 
· Full Load Current= _7_4_6 __ x __ h_o __ r_s_e~p_o_w_e_r ___________________ __ 
Efficiency x Power Factor x Voltage 
B. Resistance loads comprise a large percentage of 
the electrical equipment including: light bulbs. 
stoves, water heaters, electronics equipment, 
c. 
and space heaters. The power factor of these 
resistance devices is approximately 100%. 
Three Phase Motors 
Most three phase motors are induction motors 
rotating at 1800 rpm. Some of the couunon motors 
in comniercial and industrial installations are: 
(1) Air conditioning compressors, con,n1on in 
the 75 horsepower range, draw 88 amperes 
at 460 volts and are design B, code F motora. 
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LS. 
(2) Circulating pump motors, comiuon at 
1\ horsepower and 2. 6 amperes, are rated 
at 460 volts design B, code M. 
(3) Compressor motors, conunon at 3/4 horsepower, 
draw 1 3/4 amperes at 460 volts, design B, 
code K. 
The power factor for these three phase motors is also determined 
by the horsepower size as shown on Figure 2, Page 16, obtained from 
Page 18-41 of Reference 1. This shows the power factor to be 824 for 
the 1\ horsepower motors, and 91% for 75 horsepower motors. These power 
factors were verified by formula 18-50 of Reference 1. 
Full Load Current= 746 x Horsepower Rating 
1.73 x Efficiency x Power Factor x Voltage 
At peak load the larger industrial motors are a ma.1or portion 
of an industrial lines loading. The motors are operating at full load 
so the power factor of the load is approximately 857o (Page 162 of 
Reference 3, L.V. Bewley's book on Alternating Current Machinery) aa 
also tabulated in the billing survey, Figure 5, Page 20. 
Also, at light load the power factor on an industrial line la 
lower than at peak load because the motors are operating lightly loaded. 
As can be seen on Figure 4, Page 18, obtained from Reference 1, the power 
factor of a motor running at 25% load has a power factor of 45% whic11 is 
much lower than the 75% power factor of a motor runnin?:; at 90~·~ 1cad. Thia 
also shows up in the West Williamsport - Motors 1 and 2 12 kv lines 
light load on Figure 7, Page 25. 
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2. SERVICE ENTRANCE POWER FACTORS 
A. Commercial and Industrial Survey 
A total of 857 large power and small general 
service customer's bills were examined for tisage 
power factor and classified by the type of business 
they were engaged in. These businesses were lod~ing, 
food process, stores (retail and wholesale), retail 
services, public buildings (institutions and utilities), 
textiles, metals, mining, miscellane6us industrial and 
miscellaneous connuercial. By classifying them into 
these groups, a typical power factor for a group could 
be established and compared to the other groups for 
variation or similarity. Appendix III, Page 76, 
shows the types of business groups and the partict1lar 
businesses classed within each group. The power 
factors arrived at are representative of winter and 
sunrrner loads alike. 
Figure 5, Page 20, is a tabulation of the billing survey 
of the commercial and industrial power factors in 1964. 
These customers were located in Columbia, Lycoming. 
Clinton, Northumberland and Union counties of north• 
central Pennsylvania. Th·ey are deemed representative 
of the entire PP&L system. 
19. 
The power factors were measured by typical power factor billing 
metering methods which have since been removed from custon1er loc;itions 
due to the discontinuance of the power factor clause in PP&L rntcs. A 
typical PP&L electric sales report billing summary is attached as 
Figure 6, Page 21. It will be noted that Column 12, entitled '?w'R'' of 
the sales report shows the power factor determined for billing. 
• 
.-.-. 
., 
-~ 
1964 COMMERCIAL AND INDUSTRIAL POWER FACTOR 
BILLING SURVEY 
20. 
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 .-------.--------
c 
L 
A 
s Business 
S Group 
Lodging 
C Food 0 Process M 
M 
j\ 
E Stores 
'• 
R ,. 
C Retail 
I :-services 
A 
L Pub lie 
~isc. 
Connnercial 
I 
' Metals N 
D 
u 
s Mining 
T 
i, 
R I 11 
I Textiles 
A -
L 1 Co ?r.
n~ustry 
TOTAL 
Sample 
No. 
-
28 
64 
148 
90 
149 
82 
60 
27 
S6 
153 
857 
kva 
Total kw 
Power Factor (inc • cu st. l<v a r ~ 
1,420 
11,050 
12,100 
5,050 
23,500 
4,660 
29,500 
8,800 
23,100 
39,500 
159,500 
Total 
kw 
l ') ') Q 
' .:_ .:. (. ! 
(t~var=JfJ) 
9,266 ( 1z var =l~ 9 3 ) 
10,743 (kvar=23) 
4,3q6 
21,121 
c~~var=l 70) 
3,897 
23,802 
(kvar=2882) 
7,179 
(kvar!:500) 
18,840 (kvar=2326) 
3 3 6(. 7 
' (k:var=10!~3) 
13li 1 LO 
. ' ""- .,I (t 1/ .-~) : v a r == 1 ti tJ / 
Average 
Pow0r 
Factor 
86. 87. 
R" -·rv ) ·~ { .. -· .__. • ; ' 0 
Q h li .. ., 
\.) l .• 
·~ 
8 ... r,~ I • I , 
() () '; . 
' ' . ... - . 
C ~ -) .•. , 
,·, J • * 
80.::)"·~ 
81. 57. 
8 l . g--
" 
{""), ,,_ •·- r'> ~ i':1 ) • ·: ,, 
Rl =· ,.1 
. .. • ) i,. 
R,Q~ 
' ~ 1,,.) "• 
82. 87. 
Note: ''kvar'' means amount of capacitors installed within coamercial 
and industrial plants. 
I 
PICU1l! 5 
,_ 
,, 
41-991-1144-0 
Code 4166 
J. K. Rishel Furniture Co. 
Williamsport, Pa. 
Date Bus.Rev Rate KW KW KW 
Cl. CD.Sched. On Pk. Off Pk. Max. 
04/25/62 354 28 303-0 282.7 268.0 283 
05/24/62 354 28 303-0 303.5 279 .o 307 
06/25/62 354 28 303-0 304.7 292.5 302 
07/25/62 354 28 303-0 305.7 295.9 312 
08/24/62 354 28 303-0 303.8 293.9 302 
09/25/62 354 28 303-0 302.5 287.8 297 
10/24/62 354 28 303-0 297.6 279.2 297 
11/21/62 354 28 303-0 301.5 284.1 299 
12/21/62 354 28 303-0 302.4 232.7 299 
01/23/63 35!~ 28 303-0 298.0 234.3 299 
02/22/63 3 SL'f 28 303-0 293.7 264.6 299 
03/26/63 3 St+ 28 303-0 298.0 2 73 .4 305 
04/25/63 3 St+ 28 303-0 280.6 2 5 7. 4 288 
05/27/63 3 5!t 28 303-0 289.L+ 269.2 299 
06/26/63 3 SLi 7B 303-0 290.o 267.8 299 
07/2()/63 3 SI+ 2 E~ 303-0 296.[5 267.6 2 99 
08/27/63 '1 S!~ 28 303-0 2 9 5. 1 271.7 300 
09/26/63 1 -- / - )·-+ 28 303-0 28 3. i+ 1 r J 3 L) . • 288 
10/25/63 1 :511 ') (} l_ ( ) 103-0 2 93. 7 2()2. 8 288 
11/22 / (13 '3 r / _)q ') '..J LU '3 () 3 -0 290. 7 ') . (. 0 . - b J •. 288 
I2/2C->/h3 3 SL. 21r.-.', '~ O '3 - 0 283.h 1<10.q 288 
0 l / 2/t / 61+ 3 51_. ') ( ' :_ C> ')t)J-0 2 7 6 . /+ l 1)/. 6 2 76 
02/? 1 /bi. 3 SI+ ') ~ .. ,/ '· 1 · 1 ( J ·3 - 0 2 69. 1 ') : l 7 . - ) . 271 
03 / 2 l+ / 6t. 3 51. ') ~ ! /. i. J )()J-0 2 73 ... \ ') ,- I. C) ." ) . ) . 276 
04 / 2 3 / 61. 3 .51+ ') ~ ' )03-0 2 80. :j ') bl. 6 282 ,t ~ ( ) ._ ,..,_ . 
Totnl-Last 12 bills 
ELECTRIC SALES REPORT 5/64 
1201 W. Third St. 
BKVA Meter. Factors Hrs. 
BKW KWH RB Net Bill Pwr. Pro. ST Use 
..:· 
283 86300 3 1627.43 81 1.00 305 
304 88800 3 1703.60 81 1.00 292 
305 94600 3 1752.68 81 1.00 310 
306 86300 3 1688.95 82 1.00 282 
304 96000 3 1761.20 80 1.00 ·316 
303 109300 3 1864. 93 80 1.00 361 
298 106200 3 1826.75 80 1.00 356 
302 90700 3 1713.45 81 1.00 300 
302 94000 3 1739.85 83 1.00 311 
298 92700 3 1718.75 84 1.00 311 
294 94300 3 1720.85 83 1.00 321 
298 90200 3 1698.75 83 1.00 303 
281 77200 3 l 51-+ 9. 2 8 84 1.00 275 .\ 
289 82000 3 1609.08 85 1.00 284 
291 81200 3 1608.03 85 1.00 279 
297 78400 3 1601. 68 84 1.00 264 
295 83400 3 1636.33 82 1.00 283 
283 77800 3 1559.1+3 82 1.00 275 
294 80500 3 1610.L+S 81 1.00 273 
291 77500 3 1 5 7 c; • I+ 3 82 1.00 266 
284 82700 3 1601 030 84 1. 00 291 
276 69600 3 Jl. 7 ') .. I 0 85 1. 00 252 
269 6 60()0 2 1 Ii) l .. q S 84 1.00 245 
273 80200 3 l :i : ; l • B 8 84 1. (}0 29l+ 
281 72900 3 l''. ')H .n·)h •. _1 83 1. 00 282 N 
... 3423 938500 l881H.9i. • FIGURE 6 
... 
._. 
B. Residential Survey 
Data for detennination of the residential power 
factor was obtained from the PP&L 1969 Field Load 
Test to Check the Transformer Selection Guide • 
Refer to Appendix IV, Page 7~ for more details of thia 
test. 
(1) A Westinghouse type DSL magnetic tape 
load survey recorder recorded the kw 
demand, by half-hour periods. Part two 
of Appendix IV, Page 81, is a sample of the 
demand data output after processing the tape 
on the computer. These demands are the 
customer's kw usage during that half-hour 
period. 
(2) In order to determine the kva demand 
during any half-hour period, voltage and 
current readings were also necessary. 
Therefore, at each test location a 
• 
recording voltmeter was connected to 
the transformer secondaries to record 
the voltage level. A typical voltmeter 
chart is included in Part 3 of Appendix IV, 
Page 83. Also, a recording annneter was 
installed in each phase leg of the single 
phase transformer serving the residential 
customers to record the an1pere level at all 
times. Sample demand arnneter charts are ., 
also included in Part 3, of Appendix IV, 
Page 83. 
22. 
(3) Sixteen test locations were established 
across the PP&L system of which data from 
two was used in this study. The test code 
003 transformer serves four electrically 
heated homes as shown on the data sheet 
included as Part 4 of Appendix IV, Page 84. 
Test code 014 transformer was also chosen 
because of the mix of two electric heat 
customers with six partial electric residences. 
The data sheet for this test transformer is 
included as Part 5 of Appendix IV, Page 86. 
(4) For each test transformer, the period of 
the day from 5:30 - 6:00 P}f was c11osen and 
the days from February 12 through !·L1.rch 11, 
1969 for the test transformer 003 and 
February 17 to March 10, 1969 for test 
transformer 014 to measure the power factor 
occurring at this peak period of the day and 
average it. The tabulations of this are 
attached as Parts 6, Page 88, and 8, Page 92, 
of Appendix IV respectively. Also compared 
was the power factor for each of the test 
transformers for a continuous 24-hour period 
23. 
on November 13, 1969 for test transformer 003 and 
on February 24, 1969 for test transfonner 014. See 
tabulations, Parts 7, Page 90 , and 9, Page 93, 
of Appendix IV, respectively for this comparison. 
24. 
3. 
The results of this show the power 
factor to average 92 to 94 percent for 
the total electric residential transformer 
and 89 percent for the transformer serving 
partial electric residences. 
SUBSTATION AND LINE POWER FACTORS 
The author had available to him data from the PP&L Susquehanna 
Division Williamsport Operating Area's substations and lines in Lycoming 
County so the following study utilizes this data. 
The kw-kvar surveys on file for the Fairfield, Montgomery, 
Kenmar, West Williamsport and Williamsport 66-12 kv substations taken 
during 1962, 1964, and 1966 were utilized to show typical distribution 
li~ p~er factors. Appendix II, Page 7~ includes the one line rlectrical 
diagram, kw-kvar and bus voltage charts from the 1966 survey ot Fair:icld 
66-12 kv substation located near Montoursville, Pa. Similar charts were 
analyzed for each substation and line to determine the kw, kvar and pover 
factor at peak load as well as at light load during the four-day 
Saturday through Tuesday period. The other charts, not included due to 
the considerable volume of the report, are available from the author at 
any time. The five substations have a total of 18 lines and are located 
in Lycoming County, Pa. serving a total of over 31,000 custor:,ers. The 
majority of load on each line is classified by predominant class of 
customer for comparison with actual line power factors. 
Figure 7, Page 2~ the Substation and Line PO'Wer Factor Study 
Without Capacitors, was prepared to show the light load and peak load 
power factors that occurred on the actual distribution system. 1 
of the Substation and Line Power Factor Study shows the substation studied 
and the month and year of the study. In Column 2 is shown the name given 
the line for the area principally served. Column 3 designates the 
---- -----------c-~~--,----,---,--------------------------------------------- • 
SUBSTATION 
Month/Year 
FAIRFIELD 
Nov. 1966 
MONTGOMERY 
Dec. 1964 
KENMAR 
Dec. 1962 
WEST 
WI I_Jl, IAMS IDRT 
Dec. 1964 
, 
. 
SUBSTATION & LINE POWER FACTOR STUDY WITHOUT CAPACITORS 
Line 
Total 
Hughesville 
Kenmar 
Total 
Watson-Muncy 
Hughesville 
Montgon1ery 4 kv 
Total 
FAirfield 
Faxon 
Total 
Majority 
of 
Load 
Industrial 
Commercial 
Industrial 
Industrial 
Industrial 
Industrial 
Residential 
Residential 
C om n1 e r c i a l 
Residential 
Industri.al 
Ind1tstri.11 
( ~f e t n 1 :~ ) 
PEAK LOAD 
TIME / DAY % 
KW 
. 
11 A 
7200 
llA 
3840 
llA 
3360 
10A 
8680 
10A 
5400 
lUA 
2880 
6P 
520 
5P 
6192 
5P 
312 n 
SP 
3072 
1 OA 
1G032 
1 ()A 
KVAR 
Monday 
4852 
Monday 
2680 
Monday 
2172 
Monday 
6560 
Monday 
3811 
Monday 
2460 
Tuesday 
22 5 
Tuesday 
32]7 
Tuesda:/ 
1729 
1'ue scl av 
1 I \-' c:,.; '-t ('>() 
. 
Tuesdny 
'J' l If· S ( i ,1 V 
1")157 • -
. 
. '_ i: 
. - . 
PF 
83 
82 
84 
80 
82 
76* 
91.5 
88 
87.5 
90 
80 
7(_ ,i 
L I G H T LO AD 
JAM Sunday 
KW KVAR 
3200 2150 
1500 800 
1700 1200 
2800 2610 
1900 1575 
800 870 
150 165 
2200 1875 
1200 1175 
1000 700 
SSOO L~ 560 
71 5 
ic PF 
83 
88 
82 
73 
77 
68 
67 
76 
71.5 
82 
7 7. 5 
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SUBSTATION & LINE POWER FACTOR STUDY WITHOUT CAPACITORS 
SUBSTATION Line Majority PE AK LO AD L I G H T LO AD 
Month/Year of TIME I DAY % 3 AM Sunday 
Load KW KVAR PF KW KVAR % PF 
Williamsport 1 Indust.rial lOA Tuesday 79.5 1000 980 71.5 WEST 3984 3U9U 
WILLIAM>PO R 1; 
2 Industrial lOA Tuesday Dec. 1964 
(Cont'd.) 
WILL!Af6PORI 
Dec. 1964 
Williamsport 1368 1080 79.5 400 580 57 
SP Tuesday Williamsport 3 Residential 86.5 1400 1150 77 J84U lll) 
Total Commercial SP Monday 2 6Lt00 16840 84 7300 5800 78.5 
lOA Monday Williamsport 12kv Commercial t2 0 .544 13418 83.5 5200 4600 75 
West SP ~1onday Williamsport 1 Comn1erc ia 1 ~· 84 1400 1850 90 4560 2900 
West Ind tis trial lC)A Tuesdav 87 400 180 88.5 ~· Williamsport 2 (}1e t .1 ls) f~ 9ft 4 2760 
West JOA ~iondc1v Conrrne re i al 82.5 1400 1970 60 Williamsport 3 5 CJOLl If() 7 8 
East Residential SP 1'u es clay 90 2000 1860 73 
W i 1 1. i 3D1 Sp Or t 6!1 JI+ 1 ] ()g 
'p 'l't l cs d 8 V W i ] } i R11l Sp Ort !1 kv C o n1 n 1 e r c i a 'I .' t 79.5 2000 1 I+ 00 P2 l~ 'S 7 t) .. 6000 
* ?-1ontgcxnery lines serve load center9 5-7 n1i les from substation which lowers line power 
factor Ji per exRmple on Pnge 31 following. 
FIGURE 7 
Page 2 
N 
0\ 
• 
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27. 
predominant type of load on that line. Column 4 is subdivided and 
shows time, day, kw, kvar and percent power factor of the peak load on 
the designated line. Column 5 gives light load data in a form similar 
to Column 4. 
A. Calculation of Load Power Factor Considerins Losses 
When comparing the substation and line power 
factors with the residential, commercial and 
industrial usage power factors the losses in 
the supply transformers and distribution lines 
must be included. The length of the distribution 
line makes a difference in the terminal power 
factor as shown in the following examples. Also the 
transformer reactive to resistance ratio (X/R) 
is higher for large three phase industrial transformer 
banks than for small single phase residential 
transformers. Examples of this are: 
(1) Residential Load 
a. Load center two miles from substation: 
Example: Kenmar-Faxon 12 kv Line 
Terminal Load: 3100- j lLPB==3i.C)O kva @ 901. pp 
(158 amp Rt 12,470 volts) 
Line: 1 mile of 4/0 ASCR 
R = .445 ohms per mile* 
X = .770 ohms per mile* 
l mile of 1/0 ASCR 
R = .880 ohms per mile* 
X a .845 ohms per mile* 
* Table 1, Page 
Reference 2 
• 
28. 
(i) Line Losses 
kw - !2 R = {158} 2 
~1.325} • 33.2 kw 1000 1000 
kvar m r2 X • {1582 2 {l.615)_ • 40.5 kvar 1000 1000 
(ii) Transfonner losses using cap/load 
ratio= 1.5 and average 7.IR - 2.0X 
and %IX= 2.0%. **Data from Table IV, 
Page Reference 4. 
kw• 1 
--1.5 (3100) (.02) • 40 kw 
kvar • 1 (1488) (.02) • 20 kvar --1.5 
(iii) Residential load without losses 
kw 3 3100 - (33 + 40) ~ 3027 kw 
kvar = 1488 - (40 + 20) • 1428 kvar 
kva = 3440@ 88% PF 
I)... Load distributed over eight miles of 
line from substation 
Example: West Williamsport-Williamsport 13 
12 kv line 
Load Terminal: 3800-j221S-4400@ 86.51 PF 
(205 amps/~) 
Line: R X 1 mile of 4/0 Cu: 
.28 ohms 
.69 ohms* 
1.0 mile of 2/0 Cu: .44 ohms .72 ohms* 
0.6 mile of 1/0 Cu: .33 ohms .44 ohms* 
5 .4 miles of il2Cu: 4. 7 5 ohms 4. 2 5 ohms* 
Total 5.80 ohms 6.10 ohms 
-,. 
,_. 
(i) Line Losses 
kw• 12 Rm (205) 2 (2.9) • 121 kv 
1000 1000 
kvar = 12 X • (2052 2 (3.05) • 128 kvar 
1000 1000 
(ii) Transformer Losses using capacity/load 
ratio= 1.5 and average i.IR • 2.0 and 
%IX =- 2.0. ** 
kw z= 1 
--1.5 (3800) (.02) • 51 kw 
kvar • 1 
--1.5 (2215) (.02) • 30 kvar 
(iii) Residential Load W/0 Losses 
kw= 3800 - (121 + 51) • 3628 kw 
kvar = 2215 - (128 + 30) • 2057 kvar 
kva = 4150 @ 88% 
(2) Connnercial Load 
a. Load center two miles fran substation 
Example: Williamsport-W. Williamsport 11 
12 kv line 
Terminal Load: 4560-j2900•5400@ 841 PF 
(250 amp) 
29. 
Line: Two miles of 2/0 Cu: .88 ohms, X • l.44ohma * 
(i) Line Losses 
kw== I 2 R = ~250} 2 {.88} 
-
55 kw 
1000 1000 
kvar =- I 2 X ::s 
~2502 2 {1.442 • 90 kvar 
1000 1000 
(ii) Transformer Losses using cap/load ratio• 1.5 
and average %IR a 1.0 and %IX• 3.0. ** 
kw= 1 
1.5 
kvar • 1 
1.2 
(4560) (.01) • 30 kw 
(2900) (.03) • 58 kvar 
.. 
(iii) Contmercial load without losses 
kw m 4560 - {55 + 30) • 4475 kv 
kvar ~ 2900 - (90 + 58) • 2752 kvar 
kva ~ 5200@ 85.5% PF 
b. Load Center nine miles from substation 
Example: Fairfield-Hughesville 12 kv line 
Terminal Load: 3840- j2680°4680 @ 82% PF 
(215 amps) 
Line: nine miles of 2/0 Cu: R•3.95 ohms, 
X•6.50 ohms* 
(i) Line Losses 
kw C I2 R 
-
{2152 2 {3. 952 
-
182 kv 
1000 1000 
') 
30. 
r2 kvar :::: X ::: (215)L (6.50) 
-
300 kvar :.,_ 1000 1000 
(ii) Transfonner losses . cap/load 1.1 s 1 n g 
ratio~ 1.5 and average %IR O 1.0 and 
%IX= 3.0. 
kw a 1 (3848) (.01) • 26 kw 
1.5 
kvar a l (2680) (.03) • 53 kvar 1.5 
(iii) Commercial Load W/0 Losses 
kw m 3840 - (182 + 26) • 3632 kw 
kvar = 2680 - (300 + 53) • 2327 kvar 
kva = 4250@ 85% PF 
(3) Industrial Load 
a. Load center one mile from substation 
Example: West Williamsport-Motors 1 
Terminal Load: 1512-jl224•1860@ 80?. (80 amp) 
Line: one mile of 4/0 Cu: R • .28 ohms, 
X • .69 ohms* 
• 
(i) Line Losses 
kw= I 2 R 
1000 
= (86) 2 (.282 • 21 kv 
1000 
kvar = r2 X = (86) 2 (.69) • 51 kvar 
1000 1000 
31. 
(ii) Transformer losses using cap/load ratio• 
2.0 and average %IR 3 1.0 and %IX• 5.0. ** 
kw = 1 
2.0 
kvar == 1 
--2.0 
(1512) (.01) a 8 kw 
(1224) (.05) • 31 kvar 
(iii) Industrial Load W/0 Losses 
kw= 1512 - (21 + 8) a 1483 kw 
kvar = 1224 - (51 + 31) • 1142 kvar 
kva = 1870@ 80% PF 
b. Load Center five miles from substation 
Example: Montgomery-Hugl1esville 12 tev l .. ine 
Terminal Load: 2880-j2L+60=3780@ 76% (175 amp) 
Line: Five miles of 2/0 Cu: R • 2.20 ohms, X • 
3.6 ohms* 
(i) Line Losses 
kw z:: I 2 R m (1752 2 {2. 22 • 68 kw 
1000 1000 
kvar a I2 XIS (1752 2 ~3.6) • 111 kvar 
1000 1000 
(ii) Transformer Losses t1sing capict;:/load ratio • 
2.0 and average %IR .s 1.0 and ~,:rx - 5.0. ** 
kw • 1 
--2.0 (2880) (.01) • 15 kw 
kvar • 1 
--2.0 (2460) (.05) • 62 kvar 
(iii) Industrial Load W/0 Losses 
kw= 2880 - (68 + 15) • 2797 kv 
kvar a 2460 - (111 + 62) • 2287 kvar 
kva = 3 600 @ 7 fS% PF 
• 32. 
As shown, the losses must be considered when determining the 
line power factor. 
,;, 
(4) Sununary 
Great care should be taken in specifying the 
line power factor for the Facility Load Listing 
in order to be able to rely on the results. 
Power factors for lines should fall near the 
following values: 
Approximate Distance to Load Distance to Load -) Approximately Maj:ori ty of one Mile Miles or ~-~ C'l r C Load (Short) (Lon·;;) 
Residential 90% 87:: (Partial E lee.) 
Residential 
95% (Total E lee.) 92io 
Commercial 85% 8 77. 
Industrial 80% 777. 
(5) Method of Determining Operating Power Factor of / 
Line with Capacitors 
Kilowatt and kilovar metering is only installed 
at PP&L substations every three years during the 
kw-kvar surveys. For the engineers to determine 
the operating power factor of the line at any 
other time Figt1re 8, Page 34, is attached. Knowing 
the type load supplied by the line and the distance 
~~:· 
€.:,.,-,,.. 
.• 
,. 
33. 
to the majority of the load a power factor for 
the line, without capacitors, can be chosen from 
the chart on the preceding page. nte measured 
line kva and capa:itors in operation mt1st be known. 
Knowing these quantities, the graph will give the 
present operating power factor. This is verv 
useful in determining additional capacitors 
necessary for unity power factor operation. 
For example, if the operating power factor of a 
short commercial line were needed the power factor. 
without capacitors, to be used wot1ld be 8St. If 
there were 3000 kvar of capacitors in operation 
and the terminal load was 8000 kva the operating 
power would be 97%. 
,. 
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ADEQUACY OF THE FACILITY LOAD LISTING 
In order to use the Facility Load Listing's loads as determined 
by the kva/kwh method, one must have confidence in the load representation 
the ratio produces, The following details are presented as the author's 
means of proving the representation of the actual load is quite good 
and definitely usable for line load and voltage conditions. 
ASSUMPTIONS 
1. Tong ammeter readings used in these stt1dies were taken 
at various times during the day in December 1968 and Jant1ary 1969. 
I 
I 
The taps are primarily in residential and rural areas. Figures 9A, 9B, 
9C and 9D, Pages 36.37,38,&39areplots of the load current for the residen-
tial Kenmar-Faxon No, 1, Country Club 7.2 kv tap taken January 24-27, 
1970. The majority of tong ammeter readings are taken bv line crews 
.. 
during their working hours of 8:00 AM to 3:00 PM. The peak hours for 
partial electric residential loads occurred from 5:00 to 8:C)O P~1 as 
shown in Figures 9C and 9D on Monday and Tuesday evenings. The even in~ 
peak of 60 amperes is 1,3 times the daytime average level of 4f, ar"nPres. 
This ratio of 1.3 is commonly found and, therefore, all tong ammeter (re.a.) -
readings taken between 8:00 AM and 3:00 PM are multiplied by 1.3 to 
represent the peak load value. 
2. The sample group of 31,527 customers, served by six 
66-12 kv substations in Lycoming County, Pennsylvania including reslden• 
tial, commercial and industrial customers, is assumed to have load 
characteristics representative of the 800,000 customers on the PP&L 
system. 
3. For comparison of the kva/kwh method to the suuming of 
transformer loads method a smaller group of 7108 residential, commercial 
and light industrial customers located in Montoursville and eastern 
., 
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Williamsport were chosen. TI,e line loading on Kenmar and Fairfield 
66-12 kv substations supplying these customers is assuw.ed t r) ~ 1 " ' ·1 t" f.· he \. , • fl ... . L 
characteristics similar to the total group of 31,527 custon-:ers. The 
daily load cycle of Fairfield substation is shown on the kw-kvar surveys 
of Appendix II, Page 72. This resembles the other substations; therefore, 
the smaller group is assumed representative. 
PROCEDURE 
The preparation of the Facility Load Listing will be explained 
to show the data and facts on which it is based. Quantities determined 
by the Facility Load Listing procedure must be compared r..;itr1 actt1al 
readings of amperes and voltage taken at these sarre locc1tie1ns in ti,e 
field • To statistically compare the Facility Load Listing va1ues with 
measured values histogram bar graphs have been prepared and analyzed. 
Another method of detennining line loads, without field 
metering, is by utilizing the transformer loads comptited for distribution 
transformer loading. These loads have been st1mmed by faci 11 t;• code then 
reduced by a diversity factor. These values are compared with measured 
values and histograms prepared. This n1e thod is compared with the 
Facility Load Listing method to choose which is best. 
When determining line loads the customer and system load 
curves are considered also. 
1. FACILITY LOAD LISTING PREPARATION 
The Facility Load Listing is prepared as explained previously. 
Appendix V, Page 95,is an abbreviated Facility Load Listing of the 
Fairfield-Kenmar 12 kv Line., This listing is in a 14 digit facility 
code sequence as shown by the diagram of the Fairfield-Kenma~ 4-07-~ 12 kv 
line, Figure 10, Page 42. The 14 digit code is broken down into: digit 
one to designate the division in which the load is located, digit> two and 
•• 
41. 
three for the substation from which the load is served, digit fot1r is the 
number of the line being served, digits five and six are the section of 
line between sectionalizing devices, digits seven and eight designate a 
tap, digit nine a tap section, digit ten is for a sub-tap off a tap, digit 
eleven a sub-tap of a sub-tap, digit twelve a third level st1b-tap, and 
digits thirteen and fourteen designate transformer locations. This co·de 
defines the line, much as the branches of a tree, in the electrical se-
quence in which it is supplied. 
Appendix VI. Page 100, is the Transformer Summation Listing for 
the Fairfield-Kenmar 12 kv Line which is included for comparison. 
A 14 digit facility code is assigned every distribt1tion 
transformer. Each customer has a customer nt1mber cross referenced 
to the 14 digit facility code of his transformer. By computer program 
all customer billing kilowatt-hours are allotted to the appropriate 
transformer. Further processing produces kilowatt-l1ot1r totals for 
each 14 digit code on each distribution line. The ratio of measured 
kva load to total kilowatt-hours is computed for each line. Kilo·.,;att-
hour values at coded nodes on the line are then multiplied by this 
kva/kwh ratio to produce approximate kva values at peak load. 
If the Facility Load Listing is st1fficiently acctirate it can 
be utilized for voltage studies directly by computer without manual 
input. 
2. COMPARISON OF FACILITY LOAD LISTING WITH }fEASURED LINE LOAD 
To prove that the Facility Load Listing closelv approximates 
ac~ual line load conditions, the measured kva verst1s the kva per kwh 
comparison charts by substation, Appendix VII, beginning on Page l 05, 
were prepared. Column 1 of the charts is the name of the location. 
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Column 2 is the 14 digit code. Column 3 is the calculated kva bv the 
kva/kwh method from the Facility Load Listing. Column 4 is the type 
ammeter, tong (T) or 15 minute demand maxime ter (M), used to measure 
amperes. Column 5 is the ampere measurements multiplied bv the primary 
voltage for actual kva. (Note: Tong ammeter readings taken 8: ()() A'-1 to 
3:00 PM were multiplied by 1.3 per assumption 1, Page 35). Col11rn fi 
is the kvar of capacitors installed and electricallv connected on the 
line beyond and directly affecting the ampere readings. Column 7 ts 
a calculated value of the kva without capacitors (bare kva) based on 
Columns 5 and 6. Column 8 is the ratio of the bare kva (Column 7) to 
the calculated kva (Column 3). 
A. Column 3 and the Facility Load Listings for several linea 
had to be corrected to show the correct line loadings as measured at 
the substation with more representative power factors. 
.... It is verv 
. 
important that the amount of kva at peak load is correct or the ratio 
approach throws all the loads extremely out of range. 
given will vary the load in direct proportion also. 
The oower ractor 
. 
B. Before discussing the diffict1lties encountered in tt&ing the 
calculated kva loads the problems encountered in using the anrneter 
readings must be brought out: 
1. Some of the readings are inconsistent such as at 
Montgomery Substation, Appendix vri Chart C, Page 107 
the Sedan Tap B phase OCR (Code 6-19-2-40-80-1-000-00) 
is beyond the Montgomery-ivatson sectional izin~ three 
phase OCR (Code 4-19-2-40-00-0-000-0n) ht1 t the 
~asured kva load is greater. Obviously this is wrong 
since they are in series. 
44. 
2. The amount of capacitors installed is known and shown 
but which banks were operational at the time the 
load check was taken ~as not recorded. Any reading• 
including capacitors are thereby approximate. 
3. The Facility Load Listing is particu 1;ir1·; \talt,able 
where there are capacitors on a tap for cxar:· pl. e. at 
the Wes t W i 11 i ams port - Ni s be t Tap (Code L, - 3 5 - 6 - 1 0 - 7 5 -
0-000-00), Appendix VII, Chart D, Page l(l\ there is 
6 kva of load shown on A phase by the Facility Load 
Listing, but 720 kva was registered on the tong 
ammeter check. This is cc~:r1pletely capacitor current 
of the 700 kvar of capacitors, but it is next to 
impossible to calculate what the load is, where 
capacitors are such a predominant arnot1nt. 
C. As closely as possible, field sectionalizing and codin~ 
changes needed were factored in so that coding mismatches were minimized. 
D. In the Facility Load Listing three phase load is assumed 
to be supplied by ratio of transfonner size connected to the particular 
phase. Actual loads vary from this significantly. 
3. HISTOGRAMS 
A histogram is a frequency of distribution bar graph. Several 
·histograms were prepared using the measured kva divided bv tr1e calculated 
kva value. To evaluate how closely the Facility Load l,isti.n~: ;~·.atc~1eR 
actual field conditions the following groups of data were consic\ered: 
A. Histogram of All Data (Figure llA, Page 45) 
As shown, 78% of the calculated loads are within 301. of 
the measured values. This agreement is reasonable considering the 
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46. 
previous mentioned difficulties in evaluating measured values. 
B. Histogram of Single Phase Load (Figure llB, Page 47) 
In order to evaluate the effect of three phase loads 
allocated according to transformer size to particular phases, the single 
phase taps were charted. As shown 81% of the calculated loads are 
within 30% of the measured values an increase of 31~ over tl1e All Data 
population. This difference is not alanning unti 1 a more acct1rate 
allocation can be determined. 
C. Histogram of All Taps Without Capacitors (Figure llC. 
Page 48) 
In order to evaluate how indefinite the measured kva is, 
when capacitors are located beyond the OCR, the taps without capacitors 
are charted. As shown 80% of the calculated loads are within 301 of 
the measured values an increase of 2% over the All Data population. the 
better agreement is as expected. 
4. FACILITY LOAD LISTING BY SUMMING TRANSFORl-fER LOADS 
To prove that the Facility Load Listing by the kva per kwh 
method should be .prepared by summing the kwh for every 14 digit code 
and multiplying b-y the kva per kwh ratio, another method was investiRated, 
This method involves arranging the kva loads calculated on transformers 
in the Customer and Transformer Load Register in 14 digit code seql2ence. 
In utilizing the Customer and Transformer Load Register for replacing 
overloaded transfonners and adding additional customers to the distribu-
tion system, the calculated transformer load matches the actt1al load 
very closely. 
A listing of the transfonners supplying the 7108 ctistomera 
on the Fairfield and ~enmar substations' 12 kv lines was printed in 
standard pole number sequence. Manually the entries were re-arranged into 
14 digit code sequence and pasted on thirty-20'' by 40'' ease 1 sr1eets. 
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Name 
Fairfield-Muncy 
Wyno Fann Tap 
East Pennsdale 
Fairfield-Kenmar 
Twin Hills 
Allendale Tap 
Wi I low Street 
Ci Jbprt Tap 
K f> n1r n r - F n f r ( i e 1 d 
,, 
I 
COMPARISON OF SUM OF TRANSFORMER LOADS WITH MEASURED LOADS 
Facility Code 
4-07-1-01-00-0-000-00 
4-07-1-01-68-0-000-00 
4-07-1-01-68-0-000-00 
4-07-2-00-00-0-000-00 
4-03-2-01-11-1-000-00 
4-07-2-10-30-3-000-Q9 
4-07-2-10-30-3-]00-00 
4-07-2-10-30-~-000-00 
1 - 1 7 - 1 - o o -no -o- o () <1- <1 o 
Substation Adjusted Measured 
Sum of Line Load sum of bare kva 
Transforme :Trans/Load) rransfonner W/0 Caps 
2058 
191A 
104B 
217A 
714 7 
380A 
537A 
836C 
I, 5 5A 
1100 
(.535) 
( . 53 5) 
{~300 
(.60) 
(.60) 
(. 60) 
(.60) 
RL.00 
1100 
101A 
61B 
127A 
!~300 
230 
3 21. 
---
1100 
95A 
75B 
168 
4300 
150 
330 
390 
130 
.. . -· 
Ratio Measd. kva 
Adj. Sum 
of Trans. 
---
• 94 
.73 
1.32 
---
0.65 
1. 02 
o. 78 
l. 2 I 
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--------·--~----- -----------+-----------------+---------.-------.-..------..------t-----------
(. 76'>) 1020 
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COMPARISON OF SUM OF TRANSFORMER LOADS WITH MEASURED LOADS 
Name Facility Code 
Montoursville Pump 4-12-1-30-55-0-000-00 
Warrensville North 4-12-50-80-0-000-0 
Warrensville West 4-12-1-50-85-0-000-00 
Kenmar-Faxon 1 4-12-2-00-00-0-000-00 
East Hills Village 4-12-2-05-01-0000-00 
Country Club Lane 4-12-2-0~-01-0000-00 
Poor Farm 
-12-2-20-00-0000-00 
Ke n n1 8 r - E • w i J 1 i. R tn s r rr t .'; - 1 ? - ] - n () - () () - () n () () - () 0 
Kt" n n1 n r - Faxon 2 .,!. - 1 7 -1. - 0 0 () n - 1 J 1 ) ( H l - D n 
Substation 
Sum of Line Load 
Transformer(Trans/Load) 
733A 
468B 
358B 
251A 
233C 
5859 
760B 
2110A 
4 79B 
261C 
3 3 7 () 
I, q ()() 
(.765) 
(.765) 
(.765) 
5500 
( 0. 9l.) 
3 S21 
Adjusted Measured 
sum of bare kva 
' Transfolller W/0 Caps 
560A 
360B 
263 
193A 
175B 
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392 
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226A 
450B 
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Ratio Measd.kva 
Adj. Sum 
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COMPARISON OF SUM OF TRANSFORMER LOADS WITH MEASURED LOADS .. . ~ . . 
Name 
Poco Farm Road 
' 
Facility Code 
4-12-4-01-85-1-400-00 
Sum of 
Transfonner 
431C 
NOTE: 1. Letters A, B, and C stand for line phases 
2. The following included to complete data only. 
Christian Tap 4-12-1-35-00-0-000-00 
Christian Tap Sect. 4-12-1-55-00-0-000-00 
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ll20C 
332A 
503B 
561C 
Substation 
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bare kva 
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Ratio Measd.kva 
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of Trans. 
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The results for the Fairfield-Kenmar 12 kv line are shown in Appendix VI, 
Page 100. 
A. The combined transformer loads on most lines are much greater 
than the actual measured line loadings as shown b\r Fi~ure 12, Page SO. 
This is because not all transformer loads peak at the sanH: t i.rre. As sho·vn 
in the Average Customers per Transformer Chart, Figt1re 11., Pa~e 55, 
the diversity factor is lower when less C\1stomers are supplied from a 
transfonner. The diversity factor when 50 or more ct1stomers are supplied 
from a common facility averages 3.2 per Page 67, of Reference 4. OiveraitV 
is, therefore, factored in by fanning a factor of the actt1al line load 
at the substation to the total transfonner loads. (Coltimn 6). Ht1lti.plying 
the sum of transformer loads by this factor produced the DiverRifi~d ~va 
(Column 7). A ratio of calculated to the measured i:va vall1e nt each 
node was calculated (Column 8). 
B. Histogram for Kenmar-Fairfield (Figt1re 13, Page S3). 
The shape of the histogram of the st1m of transformer loads 
(diversified) is similar to the All Data Histogram (Figt1re 1 lA, Page 45). 
C. Comparing kva/kwh and Sum of Transformer kva Histrograrna 
(Figure llD, Page 4~and Figure 13, Page 53). 
The number of ratios within 30io of the meast1red valtie for 
the kva/kwh method are much better than those for the st1m of diversified 
transformer kva loads. This shows that the kva/kwh method is Sltperior 
to the sum of transformer load method. 
LOAD CURVES 
Load curves for the various classes of customers were also 
studied. The industrial and commercial loads peak primarily from 10:00 
to 12:00 AM in the winter and summer. The residential load peaks free 
5:00 to 6:00 PM in the winter and 2:00 to 3:00 PM in the Sltmmertime. 
Line 
Fairfield-Muncy 
Fairfleld-Kenmar 
Kenmar-Fa1tfield 
Kenmar-Faxon 1 
Kenmar-E. Wi 11 iamspcrt 
Kenmar-Faxon 2 
Number of 
Customers 
311 
852 
2675 
1031 
12 2,, 
1015 
AVERAGE CUSTOMERS PER TRANSFORMER CHART 
Diversity 
Factor 
Between All 
Customers (1) 
3.2 
3.2 
3.2 
3.2 
3.2 
Number of 
Transformers 
182 
347 
644 
334 
116 
307 
Average 
Customers 
Transfonner 
1.71 
2.46 
4.15 
3. 10 
10.5 
3.3 
Note: (1) DiverAit\' factors taken frfm1 Figtire i~n, c:nnstirner-Divprsitv Factor c:11rve, Page 67 
C: f" n f' r n 1 E 1 •, r t r f c C nm p n n v n i s t r f b t I t i o n n n t n B c1 o k • ~J t 1 l v , l 9 5 q 
Diversity 
Factor for 
Av.Cust./Trans. 
1.5 
1.7 
2.2 
1.9 
2.7 
2.0 
....._ _________ , .. --.~··-·-· --·-·- -----·--·-~----·---------------------------...__ _______ _.,. 
• 
: " 
S6. 
However, as electric heat gets to be a larger portion of the residential 
load the winter residential peak is occurring 9:00 to 11:00 AM. With 
this all three classes of load will be peaking together which means the 
kva/kwh ratio approach will even more closely match measured peaks in 
the future. 
Year 
1970 
1969 
1968 
1967 
1966 
1965 
RECENT PP&L SEASONAL PEAK LOADS 
Summer 
2540 Megawatts (mw) 
August 17 - 2PM 
2500 mW 
July 18 - 2PM 
2278 mw 
August 23 - 12N 
1984 mw 
January 16 - 2PM 
1888 mw 
August 22 - 2PM 
1738 mw 
August 16 - 2PM 
Winter 
3157 mw 
Februarv 1 - 11AM ... 
2940 mw 
Jant1arv 9 - 6PM 
2590 mw 
Jant1arv 6 - 11AM 
2326 mw 
Jan11arv 8 - 6PM 
2085 rnw 
December 20 - 6PM 
1853 mw 
December 20 - 6PM 
The Histogram (Figure llA, Page45) shows good agreement 
between the kva/kwh calculated loads and the measured loads considering 
measuring accuracy and capacitor operation approximation. Also, dividing 
the three phase load according to kva capacity per phase is an approxima-
tion. 
The sum of transfonner method histogram varies mt1ch more 
widely and is, therefore, not recouunended. 
57. 
PERFORMANCE OF THE PROPOSED SOLUTION 
Input data have been submitted of wire size, distance, capacitors, 
and the loads from the Facility Load Listing of Kenmar substation and 
processed through the voltage profile program. Attached as Appendix VIII, 
Page 116, is the voltage profile program output. 
The calculated voltages are within 2% of the measured voltages 
in the Montoursville, Warrensville and Kenmar areas served. 
, 
\ 
J , .. 
•. 
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58. 
CONCLUSIONS 
1. 11le following power factors have been proved representative 
of the residential, coum1ercial and industrial lines on the Pennsylvania 
Power & Light C~pany 12 kv distribution system where the load center le 
within several miles of the substation: 
a. Partial Electric Residential Load 
An average power factor of 90% is representative 
of the mixed resistance and motor load used bv thls 
, 
group of customers. Rural and older sections of 
towns fall into this category. 
b. Total Electric Residential Load 
An average power factor of 95% is representative 
of the predominant resistance load of electric 
heating. Residential developments and new areas 
of towns fall into this categor·y. 
c. Commercial Load 
An average power factor of 851. is representative 
of the mixed resistance, fluorescent lighting and 
motor load used by the coa1uercial group of 
customers. A higher power factor should be tiaed 
when the line serves primarily a tot.al electric 
commercial complex. 
d. Industrial Load 
An average power factor of 801. is representative 
of the predominant motor load of the industrial 
group of customers. A higher power factor should 
be used when the line serves primarily industriea 
with electric process and space heating 
59. 
e. Load Center Over Five Hiles From Substation 
The above power factors should be redt1ced by 31 
if the line's load center is from 5 to 10 miles 
from the substation. Special reactive loss 
calculations should be made for each 1 i ne with load 
centers beyond 10 miles to determine percer1 tage 
reduction of power factor below stated short line 
figures. 
2. The Facility Load Listing, determined by the computer 
by prorating the line terminal kva to locations along the line according 
to the kwh used, is sufficiently accurate for use in calculating 
voltages along the distribution line. 
a. Actual line measurements by ammeters, voltmeters 
and wattmeters are approximate because the 
amount of switched capacitors on the line at 
any one time is approximate, daytime residential 
load checks are not peak loads, and making all 
measurements at the peak time is not economically 
feasible. 
b. By prorating the peak load on the line terminal 
diversity between loads is included. 
c. There is satisfactory agreement between the 
calculated and measured tap loads. 
(1) Of 139 comparisons of 12 kv three 
phase and single phase tap line load 
measurements with load calculated by the 
kva/kwh method 109, or 78%,of the loads 
- . - ~~---- --~ _;- ----~ 
., 
--
:~. 
,. 
60. 
are within 30% of each other. 
(2) Of 98 comparisons of 12 kv single phase 
tap line load measurements with loads 
calculated by the kva/kwh method 79, or 8It
1 
of the loads are with in 30(:'.-~ of each ot}1er. 
(3) Of 70 comparisons of 12 kv three phase and 
single phase tap line load measurements 
with loads calculated by the kva/kwh method 56
1 
or 80%, of the loads are within 30? of each 
other. 
d. The other method available for computer load division 
is by summing the loads calculated for individual 
transformers to the locations where load totals 
are desired. This method deviates consiclera.hly 
from measured values due to the small nu~her of 
customers on each transformer and red,:cing the 
loads so determined by a diversity £actor still 
did not produce values that agreed well with 
measured values. 
(1) Of 20 comparisons of 12 kv three phase and 
single phase tap line load measurements with 
loads calculated bv the diversified sum of 
transformer method only 12, or 60%, of th-e 
loads are within 30% of each other. 
e. Voltage calculations were made for the 12 kv 
distribution lines from one of the substations 
using the load calculated by the kva/kwh method 
.... 
-- ·--- ------ ......... _._ ....... ..,.,... __ , __ .-_ ,, ~- ... ~---~---- -
and the power factors for each line according 
to predominant load and distance to load center. 
Voltages calculated were within 2% of the measured 
voltages. 
As has been shown the load determined by the kvA/kwh method 
and the correct power factor specification will produce a Facilitv 
Load Listing that can be directly used for distribution voltage 
~alculations . 
61. 
ii 
62. 
FACILITY LOAD LISTING DETAILS APPENDIX I 
The Facility Load Listing provides a calculated somner and 
winter kw. kvar. and kva (by phases) for each coded facility above 
the transfonner level. excluding the substation, and for each trans-
former bank with nameplace capacity greater than 300 kva. LoadinR is 
calculated based upon the demand amperes. power factor, and so,irce 
voltage of the circuit under consideration and the kwh usage of the 
customers served. 
' FORMAT OF THE LISTING 
The infonnation being made available on the Facility Load 
Listing consists of two parts. Part one is available for each circuit 
and is the input data as received from the field. Part two is the 
calculated data for each coded facility. Ser Chart 1 for format and 
note that the following items are included in the listing: ...... -
Input Data: 
1. Month and year of metered inpt1t data. 
The month and year the metered load readings occurred. 
Preferably, these should correspond to the pre-
selected months when the kwh data was supplied; 
however, data dt1ring the appropriate summer and 
winter period will suffice. 
2. Maximum Demand Amperes and Phase 
,-.. 
'nle maximum demand amperes (and phase on which 
recorded) for the line under review are specified 
for the pre-selected months. 'nlese readings, 
along with other input data, are used to calculate 
peak kva on the line (See Attachment I). 
3. Source Voltage 
Source voltage for the pre-selected month& ta to 
be. specified, expressed on a secondary base. 
4. Potential Transformer Ratio 
The potential transfonner ratio is required 
63. 
and used along with the secondary source voltage to 
calculate primary source voltage. 
5. Estimated Load Change in Percent 
# This factor is to be specified as the load 
change, in percent, that has occurred on the line 
between the date the line load was metered and 
~-
the cutoff date which is the date when the customers 
are selected from the billing tapes and 14 
digit coding changes are halted for the year. 
The maximum demand ampere readings are not to 
be increased or decreased to compensate for these 
load changes. 
6. Capacitors Installed - KVA 
The kva of capacitors in-service when the peak 
load occurred. Please note this may be less than 
the actual kva of capacitors installed. 
7. 14 Digit Facility Code 
The 14 digit code of the facility. A 99 in the 
transformer field (13th and 14th digits) indicates 
that the given load is the load on the partic11lar 
facility plus the load on all facilities beyond 
that point to the end of the line. 
8. 
/ 
Pole Number 
The pole nt1mber associated with the particular 
1,4 digit code. 
64. 
9-10. Line Load With and Without Installed Capacitors 
in Service 
The kva, kw, kvar and power factor with and withot1t 
the installed capacitors in service are calct?latrd 
(See Attachment I for method of calculation) and 
printed for both the summer and winter periods. 
An asterisk after the power factor indicates the 
power factor is leading. 
11. Conversion Factor - KVA/KWH 
The calculated factor which is \tsed to convert the 
kwh usage to kv a 1 o ad . It i s ob t a in e d t) v rl i ,.r i,: i n ~ 
the calculated bare line kva bv the sum of tr1e kwh 
usage of each phase. The kwh t1sage of customers 
served by three phase or two ohase transformer 
banks is divided among the available phases in 
proportion to the nameplate kva on each phase. 
12-13. Winter and Summer Load by Phase (Bare Line) 
Using the kwh by phase, and the conversion factor. 
the bare line kw, kvar, and kva are calculated 
for each coded facility. 
SITUATIONS TO NOTE 
1. When a 12 kv line serves a coded stepdown substation, 
the load on the stepdown substation is not included in the 12 kv total 
calculated load and must be added manually to each of the 12 kv 
I 
facilities affected by the additional load. The input data for the 
12 kv line therefore, is not to include the data with the coded 
stepdown sub., and must be corrected accordingly. 
65. 
2. For lines crossing division boundaries, only that portion 
of the line, and those customers and kwh usage in the reporting division, 
will be shown. 'Ibe input loading data is thus specified only for the 
portion of line in the reporting division and mt1s t be corrected as 
in 1 above. 
3. The 14 digit code is based on a radial coding system and 
cannot presently handle any parallel operations. 
4. The bare line power factor is assumed to be uniform 
over the entire line for purposes of calculating kw, kvar and kva. 
•· 
L&S Dept. 
T. R. Arnold 
M. Pavuk 
9/22/65 
66. 
ATTACHMENT I 
The power factor of the line can be submitted either with or 
, without capacitors. Therefore, two types of calculation are necessary 
to determine the loading. 
LOADING CALCULATION GIVEN POWER FACTOR WITH CAPACITORS 
A. Input Data From Field 
1. Maximum Demand Amperes and Phase 
2. Bus Voltage 
3. Potential Transformer Ratio 
4. Connection of Potential Transformer (phase to phase or phase 
to neutral) 
·s. Estimated Load Change 
6. Capacitors In-Service 
7. Power Factor With Capacitors 
B. KWH Data 
1. Total kwh per phase 
c. Calculation Steps 
1. KVA = Volts (x) Max Amps (x) P.T. Ratio (x) 1t ! Load 
max. phase Change 
2. 
3. 
4. 
1000 
Note: If P.T. is connected phase to phase, above is divided 
by V ~ 
KVA 
-
KVA (x) KWHA~ + KWH + K'W'H Max Phase B0 c:r 
}(WH 
t-1ax Pt1ase Rcoorted 
' 
KW ::I KVA (x) f Power FactorJ 
+ KVAR V KVA2 KW2 - -
-
Note:- Sign dependent on sign of Power Factor specified in 
input. Steps 2, 3 and 4 above give the KVA, KW and l<VAR for the line 
, 
... ><c·;r. -~~--------... -.--.. --------------- ----
. \ 
\ 
with capacitors in service. Bare line values are then determined in 
the following manner: 
5. KVAR = KVAR 
bare line + KVAR capacitors in service 
6. KVA 
bare line 
.. V 
+ KVAR2b 
are line 
7. Power Factorb 1 . are 1ne • KW/KVA bare line 
LOADING CALCULATION GIVEN POWER FACTOR WITHOUT CAPACITORS 
A. Input Data From Field 
1. Phase and Maximum Demand Amperes 
2ft Bus Voltage 
-3.- Potential Transfonner Ratio 
. 
4 .• Connection of Potential Transformer (phase to phase or phase 
·-
5. 
6. 
7. 
to net1 tra 1) 
Estimated Load Change 
Capacitors in Service 
Power Factor Without Capacitors 
B. KWH Data 
1. Total KWH per phase 
C. Calculation Steps 
Kvar 
Cap 
KVAR 
67. 
bar@ l tne 
Kvar 
KW 
Chart 2 
PF1 = Power Factor angle without capacitors 
PF2= Power Factor angle with capacitors 
l. 
68. 
+ KVA III Volts (x) Max Amps (x) P.T. Ratio (x) 1- t Load Max Phase 
1000 Change 
Note: If P.T. connected phase to phase above is divided by 
V 3 
2. KVA = KVA (x) Max Phase KWHA~ + KWHB0 + KWHC0 
~ax Phase Reported 
3. From Chart 2, it can be determined that: 
·4 
. . 
~ 
s·. 
KVAR 
KW -
PF2 -
-
- PFf (x) KVAR + 
cap 
V- KVA2 
- KVAR2 
KW 
KVA 
PF21 (x) KVAR 
ca 
") (KVA/PF l) ~-
Steps 2, 3, 4 and 5 above give the KVA, KVAR, KW and Power 
Factor for the line with capacitors in service. Bare line valuea 
are determined in the following manner: 
6 • KVA~are 1 ine = KVAR + KVAR 
caps 
KVA = v~-------------------------------bare line KW2 + KVAR2b 
are line 
L&S Dept. 
T. R. Arnold 
M. p AVll k 
9/22/65 
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CHART 1 ~ 
Facility Load Listing Lancaster Division Cocalico Substation Reamstown Line 12/03/64 Page No. 8 
Date Metered Load Data Est. Load Capacitors Load With Capacitors 
KW KVAR KVA PF Month Year Max Amps Phase Volts Ratio 
Dec. 
Jun. 
63 
64 
102 
110 
B 
B 
124.5 60/1 P-N 
124.0 60/1 P-N 
+oo 
+00 
1350 
1350 
2695 675 2778 97* 
2656 666 2738 97* 
Facility Code Pole No. 
---------A-------Jan 64---------B---------Jan 64--------C----------
KW KVAR KVA KW KVAR KVA KW KVAR KVA 
6 01 1 00 00 0 000 00 00 000000 1007 757 1259 739 556 925 949 713 1187 0 e ® 6 01 1 01 00 0 000 00 00 000000 614 462 768 534 401 668 663 498 829 6 01 1 01 13 l 000 00 01 0Li4 988 0 0 0 0 0 0 42 32 53 6 01 1 01 21 1 000 00 01 OLi !t 9 7 3 166 125 208 0 0 0 0 0 0 6 01 1 01 29 0 000 00 01 077795 48 36 60 91 69 114 100 75 125 
Page 1 
:; 
CHART 1 
Facility Load Listing Lancaster Division Cocalico Substation Reamstown Line 12/03/64 Page No. 8 
Load W/0 Capacitors KVA/KWH 
KW KVAR KVA PF Factor 
2695 2025 3371 80 3.66xl0-3 
2656 2016 3334 80 3.54x10-3 
-------------A------------Aug 64---------B----------Aug 64-----------c----------KW KVAR KVA KW KVAR KVA KW KVAR KVA 
960 729 1206 749 602 997 902 684 1132 
@ 
542 411 681 528 401 663 577 438 724 
0 0 0 0 0 0 21 16 -27 98 75 123 0 0 0 0 0 0 40 31 51 80 61 100 92 70 116 
Page 2 
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APPENDIX II 
Sheet l 
Fairfield 66-12 KV Substation Load and Voltage Survey Diagram 
Lycoming-Lock Haven 66KV Transmission Line 
600 KVAR S. 
f'il 
2-5000 KVA 
Three Phase 
66-12 KV 
Transformers 
450 KVAR S. 
900 KVAR F. 
1800 KVAR S. 
900 KVAR S. Pole 
7660 
Pole 
7875 
Ii-&.-~ 450 KVAR S. 
Pole 
142 59 
-,------
120 K~R S. 0 ~ 300 KVAR S. 
Legend 
Pole 
760 
Hughesville 
KVAR F. 
{!) - Recording Voltmeter 
~ - KW-KVAR Recording Meter 
0 - Oil Circuit Breaker 
Kenmar 
Ji - Capacitor 
S. - Switched 
F. - Fixed 
-8- - Fuse 
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APPENDIX I II DEFINITION OF BUSINESS GROUPS 
1. LODGING 
Apartments, hotels, motels, orphanages, poor homes, con-
valescent homes, county homes, convents, fraternity hon,es, and other 
institutions for lodging principally. 
2. FOOD PROCESS 
76. 
Meat processing, bakeries, candy factories, bottling plants 
and distributors, canneries, dairies, dehydrators, feed mills, orchards 
and other agriculture processing and storage warehouses. 
3. STORES, RETAIL AND WHOLESALE 
Food markets, furniture stores, clothing stores, department 
stores, drug stores, paint stores, bL1ilding st1pplv stores (except lumber 
products, hardware and tools) and variety stores. 
4. RETAIL SERVICE 
Laundries, service stations, repair shops, garages and a,ito 
showrooms, restaurants, roadside stands, bank and loan offii:~es. movers 
and storage warehouses, airports, bus and train stations, pumping 
utilities, transportation. 
5. PUBLIC BUILDINGS, INSTITUTIONS AND UTILITIES 
Schools, libraries, hospitals, churches, mtiseums, government 
and municipal office buildings, post offices, armed forces facilities, 
municipal services and utilities. 
6. TEXTILES 
All manufacturing and processing. 
7. METALS 
All manufacturing, processing and sales including machine 
• 
shops, hardware, tools and auto accessory supplies • 
~~ .- .. ~..------------
J. 
\ 
8. MINING 
Coal, slate, cement, concrete, clay, glass, atone, eand and 
their products. 
9. MISCELLANEOUS INDUSTRIAL 
77. 
Lumber and lumber products, paper and paper products, printing, 
chemical products, leather and rubber goods, chemical laboratories, 
and electronics • 
. 10. MISCELLANEOUS COMMERCIAL 
Offices, amusement centers (parks, theaters, bowling alleys, 
etc.) night clubs, social clubs and lodges, country clubs. 
.• 
PP&L 1969 
FIELD LOAD TEST TO CHECK 
TRANSFORMER SELECTION GlIIDE 
APPENDIX IV 
Part 1 
78. 
The transformer selection guide for supply to total electric 
residences has been in use since June 1968. We request vour cooperation 
in checking the guide by following the attached test conditions. 
We propose to test ten trans formers serving four or ni.ore 
residences all of which are total electric and five transformers 
serving a mix of total and partial electric residences. 
Westinghouse type DSL magnetic tape load survey recorder• 
are to be ·used. In view of the physical problems of installing survey 
meters on pad type and submersible transfonners we suggest all testa 
be made on line type pole mounted transformers. Your load registers 
provide a ready source of information for selecting trans f onr:ers to 
meet the test conditions since they list the transformer size, load, 
customers served and their rates. Installing the test eqt1ipment on 
the transfonner pole has the advantage that it will not be necessary 
to get customer's pennission as has been done on other surveys where 
the test ·meter was installed in the customer's meter socket. 
The System Meter Department will cooperate with division 
meter people in specifying the current transformer size, changing 
coils in the DSL meters to five ampere rating and furnishing the teat 
equipment. System meter people may choose to run both live leRB of 
the transformer through one CT or furnish separate CT's for ' n '1 (' '1 \._ (. 
_.,. .. . live 
• 
leg dependent on load and availability of CT's. The current trrtnsf~nnera 
should be mounted on the pole near the transfonner secondary risers 
with meter ca@le run down the pole to the DSL meter mot1nted at a 
height such that meter people can service them from a step ladder. 
79. 
The installations will be made by line and meter people working together. 
The servicing can be done by meter people alone and the final take 
down can be done by line people alone. We suggest that the current 
transformers be installed without interrupting service by running 
jumpers through them, connecting the jumpers at two places on each 
secondary live leg and cutting the live legs between it1mper connections. 
On removal the live legs can be reconnected by coo1pression connectors 
and the jumpers can then be removed. This will avoid two prearranged 
interruptions and associated customer contact. 
We expect that appropriate sales personnel will cooperate 
·1.n furnishing the residence data required on the attached forms. 
The assignments listed below are made to inst1re getting 
all the required data and to divide the work load. 
Division 
Lancaster 
Harrisburg 
Northeast-Central 
Susquehanna 
Northeast-Scranton 
Lehigh 
Total Test Locations 
Select transformers serving these 
"Total Electric" cust~er percentages. 
100% 
2 
2 
l 
3 
10 
Less Than 40% 
1 
1 
2 
1 
1 
1 
3 
We request that each division take graphic amperes and volts 
at one of three test locations at the same time as the DS1~ tests. Tots 
will give us k-VA which with the DSL-KW will make power factor available 
J 
d 
·• 
and provide a measure of the division of load on the two halves of the 
secondary winding. Tiie ampere and voltage charts are to be sent to 
the writers. The DSL tapes go to the System Meter Department for 
translation. 
80. 
• 
!• 
Pole 57-18068 Test Code#003 Week of 2/16 Tranf. Loading-Elec. Heat Res. 
Weekly Demand Summary-Total for 1 Custs. 
Date AM 12.30. 1.00 1.30 2.00 2.30 3.00 3.30 4.00 4.30 5.00 5.30 6.00 Total 
16 18.2 19.0 19.9 19.7 20.2 18.7 19.4 21.1 19.9 21.6 20.9 20.6 239.2 
17 17.0 15.4 17.8 18. 7 19.0 17.8 18.2 21.1 19.7 19.0 19.4 19.9 223.0 
18 16.3 19.2 19.2 17.5 18. 7 19.0 18.0 21. 6 19.7 19.2 20.4 21.1 229.9 
19 19.0 19.0 18.0 19.9 19.7 20. 9 20. 2 19.9 22.1 19.7 21.6 20.9 240. 9 
20 17.8 15.4 18.5 17.8 19.4 15.4 19.0 18.0 19.9 19.4 17.8 18.5 216.9 
21 16.6 17.5 18. 5 18 .o 19.7 19.9 18.2 19.9 19.0 18. 7 19.2 18.7 223.9 
22 19.9 17.3 20.9 17.5 19.0 18.7 20.4 18.7 21. 8 20.6 19.9 19.9 234.6 
124.8 122 .8 132. 8 129. 1 135.7 130.4 133.4 140.3 142.1 138.2 139 .2 139.6 1608.4 
Date AM 6.30 7.00 7.30 8.00 8.30 9.00 9.30 10.00 10.30 11.00 11.30 12.00 Total 
16 21.1 27.1 26.2 23.3 27.1 24.5 19.0 22.3 24.0 22.3 28.6 32.6 298.1 
17 20.6 27.8 22.1 20.9 16.6 18.2 17.8 15.8 13.7 15. 1 14. 9 17.0 220.5 
18 19.9 24.7 22.3 21.4 19.4 19.0 2 0. L4 19.2 15.6 13.9 1 7. 5 22. 1 235.4 
19 20.9 28.8 25.4 25.7 21.1 1919 22.3 21. 1 21. 8 19.4 19.2 18. 2 263.8 
20 18.5 24.S 22.6 21.1 23.3 2 5 .. 4 28.6 21 .. 8 17.8 20.6 19. 7 19.4 263.3 
21 19.9 23.3 24.0 22.6 21. 1 14. 2 19.0 1 l. 8 16. I 17.3 16.8 13.7 219.8 
22 21.8 21.1 28.3 30.2 35.0 35.0 29.5 20.9 2 1. L+ 23.3 21. 8 18. 5 306.8 
142. 7 177.3 170.9 165.2 163.6 156.2 156. 6 132.9 130. t. 131. 9 138. 5 IL, l. 5 1807.7 
Date PM 12.30 1.00 1.30 2.00 2.30 3.00 3.30 4.00 4.30 5.00 5.30 6.00 Total 
16 38.6 31.9 28.6 22.3 21.4 14. 6 
17 16. 1 13.2 17.0 llJ .. 2 1 5. 4 14 · '· 18 26.2 21 .. 8 2 L • • 2 2, •. 0 22.8 21 • . 0 
19 17.3 1 (4' • l. 17.0 1 5. 6 17.8 1 7 • 3 
20 20.4 20.4 2 2. l 18.2 1 5 . I) I q • 2 
21 18.2 1 Ii • 7 1 1) • 1 13 . I. 1 2 . \ 10.r) 
22 18.7 18 . O 11 • • b 1 7. 3 18.? 11 • • 9 
155. 5 133.9 138.6 121.0 123.7 11',.0 
15.4 14. 4 15.A 
13. 7 11 •. 6 2 2. 1 
26.2 22.1 :H.h 
16 .. 1 1 8 • :) ! q /, 1 • 
19. 7 l A. 7 20.q 
l r) • 1 12. 2 l ") 
- - . l 
11 • • h 17.8 2C).9 
120.8 118.5 1,.2. 8 
20.4 23.5 
19.9 21. 6 
I 9. 9 2 l . ,. 
25.2 26.2 
2 5. 7 23.3 
1 6. 3 l 7 . ) 
l 8. rl 2 1 • 6 
14 5. 9 155.l 
25.7 272.6 
26.6 208.8 
2 S. 7 2 R 7. 1 
2 7. 8 232.6 
2 6 • •'+ 250.6 
2 (). t) 180.H 
18.? 2 13. 3 
l 71. 0 1645.8 
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Pole 57-18068 Test Code#003 Week of 2/16 Tranf. Loading-Elec. Heat Res. Weekly Demand Summary-Total for 1 Custs. 
Date PM 6.30 7.00 7.30 8.00 8.30 9.00 9.30 10.00 10.30 11.00 11.30 12.00 Total 
16 27.8 23~8 19.0 19.0 26.4 27.6 
17 23.0 21.4 21.4 27.1 28.1 25.0 
18 24.7 24.2 27.1 29 .3 25.0 24.7 
19 25.0 22.6 30.5 27.6 25.0 18.2 
20 30.7 28.8 26.6 36.7 25.0 25.2 
21 28.1 23.8 21.4 22.8 24. 7 25.0 
22 22.3 18.2 19.9 19.4 23.8 29.5 
181. 6 162.8 165.9 181.9 178.0 175.2 
38. 640 MAX.IND KW 
25.2 18. 7 
20.9 23.8 
25.7 23.3 
17.8 22.6 
23.0 20.2 
26 .. 6 21. 8 
23.8 22.1 
163. 0 152.5 
38.6 MAXKW 
19.7 17.8 19.0 18.2 262.2 
24.0 19.0 18. 2 16.3 268.2 
19.9 22.8 19. 0 17.3 283.0 
21.8 18. 7 18.5 18. 7 267.0 
18. 7 19.0 20.2 17.0 291.1 
19.4 19 .. 7 18.0 18.2 269.5 
18.7 16.1 15.8 13.9 243.5 
142.2 133 .1 128.7 119.6 1884.5 
386.40 NONCOINCIDENT DEMAND-KW 
... 
Part 2 
APPf:NDIX IV 
a, 
N 
• 
•• 
. 
0 
z 
I l 
I ' I I 
' I 
! ' 
Recording Voltmeter Chart 
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Recording Ammeter Chart 
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APPENDIX IV 
Part 3 
.! 
Division Harrisburg 
,. 
TEST CODE 003 
DATA SHEET 
TRANSFOID1ER LOADING 
TOTAL ELECTRIC RESIDENCES 
Cumberland Location Shiremanstown 
Municipality County 
Shireman Manor 
(if in a residential development, show name) 
Transformer Pole 5Tl8068 
(include grid co-ordinate number, where applicable) 
(Please identify meter tape by pole, etc., number) 
Electric Facilities Map Number (where applicable) 
Transfonner Size 25 kva Type (check one) 
Pole type 
----
X 
N/A 
Number of Residences Serve4 from Transformer: Total Electric 
Partial Electric 
Total Residences 
Data Required for "'Total Electric'' Residences, only 
(Please provide separate data for each residence) 
fl 1 12 
4 
0 
AddreRs: 314 Be1aiIPf)r. 
Cu R to 111 P r Number : S 2 -11 h h - 7 7 6 n 
Tv p e 1 l t • n r ( 1 ) R - 1 ') i.- \',1 ( B ) 
316 Belnire Dr. 
52-/.ht,-?760 
R-ltl i-i...· (B) 
Area (2'i S(J. F't.. l72U 172 () 
F r () n t :i }' e ( 1 , F t .. B O ' 
' ' 
8{) f 
Note: (B) - Baseboard Electric lir-nt 
13 
315 Glendale Dr. 
S 2 -!. h h - 2 7 3 6 
R - ] :, i. ~I ( B) 
1720 
HO' 
#4 
317 Glendale Dr. 
5 2 -1, 6 6 - 2 7 3 8 
R-2'> 1:w (B) ' 
172() • 
AO' 
Part 1, 
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Data for ''Partial Electric'' Residences 
(Please provide separate data for each residence) 
Customer Number 
Demand (4) 
Ill #2 /16 
Temperature - Please list approximate average temperature for each day of test period on back of sheet. 
Date meter installed ____ F_e_b_r_u_a_r~y __ l_2~1~1_9_6_9 ____ __ 
Date meter removed March 12, 1969 
Data Sheet Prepared by R. E. Bauder 
-----------
Date 4/16/69 
Part I, 
APPENDIX IV 
.. 
I 
~. :,. 
\ 1 .. 
,.·· 
·i 
Division Northeast - Scranton 
Laurel Drive off Edgebrook Drive 
TEST CODE 014 
DATA SHEET 
TRANSFORMER LOADING 
TOTAL ELECTRIC RESIDENCES 
Location Roaring Brool< 
Township 
(if in a residential development, show name) 
Transfonner Pole, Pad or Vault Number 60410N44297 (Old #677) 
(include grid co-ordinate number, where applicable) 
(Please identify meter tape by pole, etc., number) 
Electric Facilities Map Number (where applicable) 
Transfonner Size Type (check one) 
-----
SO kva 
Pole type 
---
X 
Number of Residences Served from Transformer: 
600-439-N2 
Total Electric 
Partial Electric 
Lackawanna 
County 
2 
6 
Total Residences 8 
Data Required for ''Total Electric., Residences only 
(Please provide sepnrnte data for each resirlence) 
Name: 
Cu at cx11e r Number: 
Tvnr- Ht':it (l) 
' ' . 
A r l" : 1 ( : ' '1 
Front HK<' (1) 
n 1 
R. B. Park 
7 11. 3 7 1 1 /1 6 0 
R f" 1 n..i 
20()() 
100 
112 
Mr. Simpkins 
717 f1/i 2 6 l 00 
R 
1200 
100 
-
Part 5 
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OD 
0\ 
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.... Data for "Partial Electric'' Residences 
(Please provide separate data for each residence) 
Customer Number 
Demand (4) KWH 
111 
7143741080 
559 
1!2 
7143729900 
413 
113 
7143730160 
316 
114 
7143730420 
398 
..... ,. .. ,. 
,,. 
/15 
7143730680 
379 
/16 
7143730941 
856 
Temperature - Please list approximate average temperature for each day of test period on back of sheet. 
Date meter installed ___ 2/~1_8~/_6_9 __________ __ 
Date meter removed 3/20/69 
Data Sheet Prepared by A. Takash 
---------
Date 4/9/69 
•· 
Part S 
APPENDIX IV 
CD 
....., 
• 
Date 
2/12/69 
2/13/69 
2/14/69 
2/15/69 
2/16/69 
2/17/69 
2/18/69 
2/19/69 
2/20/69 
2/21/69 
2/22/69 
2/23/69 
2/24/69 
2/25/69 
2/26/69 
2/27/69 
2/28/69 
3/1/69 
3/2/69 
3/3/69 
3/4/69 
3/5/69 
3/6/69 
3/7/69 
5:30-6:00 PM TEST TRANSFORM.ER #00'3 - 4 ELECTRIC HEAT 
Average 
Voltage/Leg 
116 
120 
121 
121 
123 
121 
122 
121 
120 
122 
122 
123 
121 
120 
120 
120 
121 
121 
122 
121 
121 
122 
122 
121 
Average 
Tong 
Leg 1 
120 
160 
150 
140 
120 
120 
110 
130 
140 
130 
100 
100 
130 
100 
110 
120 
70 
130 
120 
120 
100 
130 
100 
120 
Amperes 
GE 
Leg 2 
120 
160 
150 
160 
140 
130 
120 
120 
120 
110 
80 
95 
110 
130 
120 
110 
90 
140 
90 
100 
80 
110 
90 
120 
KVA 
28 
39.6 
36.4 
36.4 
32 
30.2 
28 
30.2 
31.2 
29.2 
22.0 
24 
29. 2 
27.6 
27.6 
27.6 
19.4 
33 
26.8 
26.8 
22 
29.6 
23.2 
29.2 
Part 6 
APPENDIX IV 
KW 
Demand 
25 
35.3 
31.4 
32.4 
25.7 
26.6 
25.7 
27.8 
26.4 
20.6 
18.2 
22.3 
26.6 
26.9 
26.4 
25.4 
18.5 
32.9 
25.0 
24.7 
19.2 
27.4 
20.2 
29 
7. 
PF 
88. 
90 
89 
86 
89 
80 
88 
92 
92 
85 
71 
83 
93 
91 
98 
96 
92 
94 
100 
93 
92 
87 
93 
87 
100 
Date 
3/8/69 
3/9/69 
3/10/69 . 
3/11/69 
28 Days 
.,/ 
't:""" 
Average 
Voltage/Leg 
122 
123 
120 
120 
Average 
Tons 
Leg 1 
80 
90 
120 
150 
.. 
Amperes 
GE 
Leg 2 
100 
70 
120 
150 
KVA 
21 
19.6 
28.8 
36 
Part 6 89. 
APPENDIX IV 
KW 
Demand 
21 
18.5 
26.6 
35 
Average 
4 
PF 
100 
92 
97 
941. 
Time 
12:30 A 
1:00 A 
1:30 A 
2:00 A 
2:30 A 
3:00 A 
3:30 A 
4:00 A 
4:30 A 
5:00 A 
5:30 A 
6:00 A 
6:30 A 
7:00 A 
7:30 A 
8:00 A 
8:30 A 
9:00 A 
9:30 A 
10:00 A 
10:30 A 
11:00 A 
11:30 A 
12:00 Noon 
TEST TRANSFORMER #003 - 4 ELECTRIC HEAT 
DATE 2/13/69 
Average 
Voltage/Leg 
117 
117 
1.17 
118 
118 
118 
118 
118 
117 
117 
116 
116 
116 
116 
117 
117 
117 
117 
117 
118 
118 
118 
117 
Average 
Tong 
Leg 1 
100 
90 
100 
100 
100 
110 
120 
100 
110 
100 
110 
120 
120 
150 
140 
120 
110 
140 
130 
120 
120 
100 
110 
100 
Amperes 
GE 
Leg 2 
100 
90 
100 
90 
90 
95 
110 
90 
105 
90 
105 
110 
130 
130 
120 
120 
95 
130 
120 
120 
100 
90 
90 
90 
KVA 
23.4 
21 
23.4 
22 
22.4 
24.2 
27.1 
23.5 
25.4 
22 
25.2 
26.8 
29 
32.S 
30.2 
28 
24 
31.5 
29 .2 
28 
25.9 
22.4 
23.4 
22.2 
KW 
Demand 
21.6 
20.4 
22.1 
19.9 
20.4 
22.3 
25.0 
20.6 
24.0 
20.2 
24.7 
25.4 
26.2 
28.8 
30.2 
26.9 
20 • ..9 
29.0 
27.4 
28.1 
23.3 
21. 6 
20.4 
20.9 
Part 7 90. 
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PF 
92 
98 
94 
91 
91 
92 
92 
88 
94 
92 
98 
95 
90 
89 
100 
96 
87 
92 
94 
100 
90 
96 
87 
94 
r 
., f· 
Time 
12: 30 P 
1:00 P 
1:30 P 
2:00 P 
2:30 P 
3:00 P 
3:30 P 
4:00 P 
4:30 P 
5:00 P 
5:30 P 
6:00 P 
6:30 P 
7:00 P 
7:30 P 
8:00 P 
8:30 P 
9:00 P 
9:30 P 
10:00 P 
10:30 P 
11:00 P 
11 :30 P 
12:00 MN 
48 Periods 
Average 
Voltage/Leg 
116 
116 
118 
121 
122 
122 
122 
122 
121 
121 
120 
120 
120 
120 
121 
121 
122 
122 
122 
121 
121 
122 
120 
120 
Average 
Tong 
Le,g 1 
130 
120 
110 
110 
110 
110 
110 
110 
120 
140 
115 
160 
150 
150 
170 
180 
160 
150 
120 
120 
130 
130 
120 
120 
Amperes 
GE 
Leg 2 
120 
105 
95 
95 
100 
100 
110 
110 
125 
135 
105 
160 
160 
150 
170 
180 
170 
150 
130 
130 
130 
130 
130 
130 
KVA 
KW 
Demand 
29 28.6 
26.1 24.0 
24.1 22.3 
24.8 22.6 
25.6 24.0 
25.6 22.8 
26.9 26.9 
26.9 24.5 
28.S 26.9 
33 29.0 
26.7 24.7 
39.6 35.3 
37.2 35.0 
36 
41.4 
43.6 
40.4 
36.6 
30.5 
30.2 
31.4 
31.7 
30 
30 
31.7 
38.9 
39.1 
39.8 
34.8 
26.9 
25.4 
25.7 
26.2 
27.1 
25.9 
Average 
Part 7 
APPENDIX IV 
PF 
98 
92 
92 
91 
94 
89 
100 
91 
94 
88 
92 
89 
92 
88 
94 
90 
98 
95 
88 
84 
82 
83 
90 
86 
921. 
91. 
';-"- :;:'" .. 
\ . 
Date 
2/17/69 
2/18/69 
2/19/69 
2/20/69 
2/21/69 
2/22/69 
2/23/69 
2/24/69 
2/25/69 
2/26/69 
2/27/69 
2/28/69 
3/1/69 
3/2/69 
3/3/69 
3/4/69 
3/5/69 
3/6/69 
3/7/69 
3/8/69 
3/9/69 
3/10/69 
22 Days 
Part 8 5:30-6:30 PM TEST APPENDIX IV TRANSFORMER #014 - 2 ELECTRIC HEAT 1 6 PARTIAL 
Average 
VoltagefLeg 
119 
119 
118 
119 
118 
118 
117 
120 
119 
118 
118 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
Average 
Tong 
Leg 1 
160 
104 
130 
144 
150 
150 
120 
120 
150 
120 
150 
100 
80 
120 
125 
120 
120 
120 
120 
170 
120 
100 
Amperes 
GE 
Leg 2 
160 
104 
130 
120 
150 
150 
120 
120 
150 
120 
150 
100 
80 
120 
125 
120 
120 
120 
120 
170 
120 
100 
KVA 
38 
25 
31 
31 
36 
36 
29 
29 
36 
29 
36 
24 
19 
29 
30 
29 
29 
29 
29 
33 
29 
24 
KW 
Demand 
34.6 
22.1 
26.4 
25 
32.9 
31.5 
23.0 
28.4 
33.1 
24.0 
34 .o 
20.0 
11.5 
26.9 
27.8 
26.9 
28.7 
28.3 
27.3 
31.7 
25 .4 
20.6 
Average 
92. 
41 
PF 
91 
88 
86 
80 
91 
90 
80 
96 
91 
83 
93 
83 
65 
93 
92 
93 
98 
96 
93 
95 
88 
86 
89-Z. 
II 
II 
II 
' .. -•. r. 
Time 
12:30 
1:00 
1:30 
2:00 
2:30 
3:00 
3:30 
4:00 
4:30 
5:00 
5:30 
6:00 
6:30 
7:00 
7:30 
8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
11:00 
11:30 
12:00 
TEST TRANSFORMER #014 - 2 ELECTRIC HEAT, 6 PARTIAL 
DATE 2/24/69 
Average Average 
Voltage/Leg Left Leg 
120 
120 
120 
120 
120 
120 
120 
120 
119 
119 
119 
119 
120 
120 
120 
120 
120 
119 
118 
117 
120 
120 
120 
120 
64 
64 
72 
64 
56 
64 
72 
56 
56 
72 
80 
56 
100 
100 
64 
64 
64 
56 
64 
56 
56 
72 
72 
56 
Amperes 
Right Leg 
64 
56 
72 
64 
56 
72 
64 
56 
48 
72 
80 
56 
100 
100 
64 
64 
64 
56 
64 
56 
56 
72 
72 
56 
KVA 
15.4 
14.4 
17.3 
15.4 
13.4 
16.3 
16.3 
13.4 
12.5 
17.3 
19.0 
13.3 
24.0 
24.0 
15.4 
15.4 
15.4 
13.3 
15.1 
13.1 
13.5 
17.3 
17.3 
13.4 
KW 
Demand 
14. 6 
12.2 
14. 2 
12.7 
12.0 
14.2 
14.2 
11.5 
10.6 
14. 9 
17.0 
li.O 
21.4 
21.4 
13.7 
13.7 
13.9 
11.0 
13.4 
12.S 
12.0 
15.6 
15.6 
11.0 
93. 
Part 9 
APPRNDlX IV 
95 
93 
83 
83 
90 
87 
87 
86 
85 
.86 
90 
83 
89 
89 
89 
89 
90 
83 
89 
95 
89 
90 
90 
83 
Time 
12:30 
1:00 
1:30 
2:00 
2:30 
3:00 
3:30 
4:00 
4:30 
5:00 
5:30 
6:00 
6:30 
7:00 
7 :_30 
8:00 
8:30 
9:00 
9:30 
10:00 
10:30 
11:00 
11:30 
12:00 
48 Periods 
Average Average Amperes 
Voltage /Leg Left Leg Right Leg 
120 
120 
120 
120 
120 
121 
121 
120 
119 
119 
119 
120 
119 
119 
120 
121 
121 
121 
121 
120 
120 
120 
120 
120 
56 
40 
56 
64 
64 
56 
80 
72 
90 
96 
100 
120 
104 
104 
128 
136 
112 
136 
112 
112 
96 
96 
56 
72 
64 
40 
56 
64 
64 
56 
72 
64 
80 
80 
100 
120 
104 
104 
128 
136 
112 
136 
112 
112 
96 
96 
56 
72 
KVA 
14 .4 
9.6 
13.5 
15.1 
15.1 
13.3 
18.3 
16.3 
20. 2 
20.4 
23.8 
29 
24.8 
24.8 
30.6 
32.8 
27.0 
32.8 
27.0 
27. 0 
23.0 
23.0 
13.3 
17.3 
Part 9 
APPENDIX I'V 
KW X 
D·emand PF 
14 .4 
8.2 
12.0 
13.7 
13.4 
10.6 
17.0 
14. 6 
18.0 
18.2 
19.4 
28.4 
22.3 
21.4 
29.3 
29.5 
23.8 
30.7 
23.3 
24.7 
20.2 
21.4 
10. 8 
16.3 
100 
86 
89 
91 
90 
80 
93 
90 
90 
89 
82 
96 
90 
86 
95 
90 
88 
93 
86 
91 
88 
93 
83 
94 
4,256 
897: PF 
94. 
. ' 
FACILITY LOAD LISTING 
Line: Fairfield-Kenmar 12 kv 
1. Metered Load Data 
a. Date: January 1969 
b. Maximum Amperes: 200 
Phase: C 
c. Bus Voltage= 123 volts 
Pot. Trans. Ratio~ 60/1, P-N 
d. Capacitors: 3750 KVAR 
Facility Description 
Fairfield Sub-Kenmar 12 kv 
Kenmar 12 kv Line 
Fuse to End 
Fuse to End 
Fuse to End 
Fuae to End 
3. Load Listing 
Facility Code 
40720000000000 
40720100000000 
40720102100000 
40720106 lOOOQ,Q 
40720108100000 
40720110100000 
Divi~ion: Susquehanna 
2j· ·calculated Load 
Pole No. 
00000000 
00000000 
03007613 
0300643 7 
03005062 
03005065 
a. With Capacitors: 3670 KW+ j 1451 KVAR, 
3947 KVA and Power Factor -93% 
b. Without Capacitors: 3670 KW+ 
j 2400 KVAR, 4300 KVA and Power 
Factor +85% 
c. KVA/KWH Factor= 2.31 x 10-3 
Total January 1969 
Cust. AKVA BKVA CKVA 
852 
318 
49 
4 
2 
13 
1760 
340 
0 
0 
0 
42 
935 
28 
0 
0 
0 
0 
1610 
198 
65 
6 
2 
0 
APPENDIX V 
-~----------:----------------------
Facility Description 
Twin Hill Tap OCR 
Benfer Tap FU 
Anderson Tap FU 
Springman Tap FU 
Shaner Tap FU 
Heim Tap FU 
White Church Tap FU 
Fuse To End 
Fuse to End 
FU Rt 220 W of Fairfield 
Fuse to End 
Puae to End 
Grant Hoon Tap FU 
FU !aat of Hontoureville 
Facility Code 
40720111100000 
40720111110000 
40720111120000 
40720111140000 
40720111150000 
40720111160000 
40720111170000 
40720112100000 
40720113100000 
40720115100000 
40720117100000 
40720119100000 
40720123100000 
40720124100000 
40720128100000 
40720129100000 
40720135100000 
Pole No. 
06012450 
01010804 
01010800 
01011472 
01011772 
01011779 
01012084 
00000000 
03005071 
03005073 
03005079 
03005080 
03008452 
00000000 
00000000 
03005090 
03005095 
Total 
Cust. 
82 
15 
7 
-9 
4 
l 
4 
1 
1 
33 
41 
4 
48 
1 
1 
5 
1 
January 1969 
AKVA BKVA CKVA 
181 
41 
8 
39 
.6 
19 
0 
2· 
0 
38 
0 
0 
0 
2 
9 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
·o 
:_·o· 
' ' 
o· 
0 
0 
0 
0 
0 
16 
0 
6 
66 
3 
0 
0 
2 
I 
I 
,, 
Facility Description 
Fuse to End 
HLC to End 
GM Firth Tap 
AB to AB 12832 
LB to End 
Federal Aviation Tap 
FU Tap Reading Lane East 
Bek Sand Tap Fuse 
HLC To End 
H.LC to Fu1e 15310 
-~··· 
Facility Code 
40720136100000 
40720140100000 
40720144100000 
40720145100000 
40720150100000 
40721000000099 
40721000000000 
40721005100000 
40721005100095 
40721009100000 
40721009110000 
40721011100000 
40721015100000 
40721015100095 
4072] ()2()()()()()00 
40721020100000 
Total 
Pole Noo Cust. 
03005096 
03005100 
00000000 
00000000 
01003747 
03005109 
03005109 
01003733 
01003733 
01003721 
01017640 
01012564 
00000000 
01013215 
01012846 
01012846 
0 
33 
1 
1 
10 
534 
445 
1 
1 
6 
4 
2 
1 
1 
s 
1 
January 1969 
AK.VA BKVA CKVA 
0 
45 
10 
0 
8 
1420 
620 
88 
88 
11 
5 
23 
ss 
ss 
31 
27 
0 
0 
0 
0 
6 
905 
244 
88 
88 
6 
0 
22 
ss 
55 
27 
27 
0 
0 
0 
2 
0 
1410 
770 
88 
88 
5 
0 
22 
55 
ss 
27 
27 
.. 
/,,: I 
\· .' 
Facility Description 
Fuse to End 
Fuse to End 
Fuse to End 
Allendale Tap 
Tap to OCR 9507 
Allendale Tap OCR 
Willow Street Tap 
Fuse-Willow North of Cherry 
Facility Code 
40721020100002 
40721020300000 
40721023100000 
40721024100000 
40721026100000 
40721030000000 
40721030100000 
40721030300099 
40721030300000 
40721030310000 
40721030311000 
Fuse-Willow North of Mulberr·y 40721030312000 
Puse-Willoa St. N of Elm 
Gilbert Tap OCR 
Hall Tap Fuse 
Harrie Tap Fu1ea 
40721030313000 
40721030500000 
40721030510000 
40721030520000 
Pole No. 
01015360 
01015310 
01012843 
00000000 
01012841 
01012838 
01012838 
01009507 
01009507 
01009510 
01013425 
01014196 
01014197 
01009528 
01010773 
01010784 
Total 
Cust. 
1 
4 
5 
2 
11 
373 
43 
330 
222 
206 
44 
25 
17 
108 
30 
22 
January 1969 
AKVA BKVA CKVA 
27 
4 
8 
12 
23 
340 
69 
270 
52 
0 
0 
0 
0 
220 
62 
44 
27 
0 
1.2· 
0 
33 
33 
0 
0 
0 
0 
0 
0 
0 
0 
0 
27 
0 
0 
12 
0 
525 
0 
525 
525 
525 
83 
65 
38 
0 
0 
0 ~ • • 
'\.-:-~ 
Facility Description 
Hunter Tap Fuse 
Budman Tap Fuse 
Merril Tap Fuse 
AB to AB 14256 
AB to AB 3864 
HLC to End 
HLC to Fuse 13687 
Fuse to End 
HLC to End 
Facility Code 
40721030530000 
40721030540000 
40721030550000 
40721031100000 
40722000000099 
40722000000000 
40722003100000 
40722003100095 
40723000000000 
40723002100000 
40723006000000 
40723006100000 
40723()()6300000 
4 0 7 71 O 7 :? 1 () (1 (JO 0 
40723()2 2 l{)()(J9 5 
Pole No. 
01010760 
01011954 
01010777 
00000000 
01012832 
01012832 
00000000 
77014996 
01014256 
00000000 
01012822 
01012822 
01013687 
01003866 
01016653 
Total 
Cust. 
1 
2 
11 
89 
3 
1 
1 
86 
4 
73 
12 
61 
4 
1 
January 1969 
AKVA BKVA CKVA 
6 0 0 
3 0 0 
10 
803 
523 
523 
523 
278 
0 
230 
71 
159 
26 
17 
• 
0 
665 
523 
523 
523 
138 
14 
76 
70 
6 
26 
17 
0 
640 
523 
523 
523 
118 
0 
70 
70 
0 
26 
17 
I 
: 
• 
TRANSFORMER SUMMATION LISTING 
Line: Fairfield-Kenmar 12 kv Division: Susquehanna 
1. Installed Distribution Transformer C•pacity 
3080 KVA A Phase 
Facility Description 
Fairfield Sub-Kenmar 12 kv 
Kernnar 12 kv Line 
Fuse to End 
Fuse to End 
Fuse to End 
Fuse to End 
Twin Hill Tap OCR 
Benfer Tap Fuse 
Anderson Tap Fuse 
Springman Tap Pt1ae 
Shaner Tap Fuae 
723 KVA B Phase 1955 KVA C Phase 
2. Sununation Listing 0 
Facility Code 
40720000000000 
40720100000000 
40720102100000 
40720106100000 
40720108100000 
40720110100000 
40720111100000 
40720111110000 
40720111120000 
40720111140000 
40720111150000 
Pole No. 
00000000 
00000000 
03007613 
03006437 
03005062 
03005065 
06012450 
01010804 
0101080·0 
010114 72 
01011772 
Total January 1969 
Cust. Trans. AK.VA BKVA CKVA 
852 
318 
49 
4 
2 
13 
82 
15 
7 
9 
4 
347 
157 
11 
2 
7 
65 
7 
7 
9 
3 
3085 1486 2577 
719 
0 
0 
0 
73 
380 
78 
20 
69 
52 377 
0 133 
0 15 
0 4 
0 0 
0 0 
0 0 
0 0 
0 0 
12 0 0 
APPENDIX VI 
.... 
8 
• 
Facility Description 
Heim Tap Fuse 
White Church Tap Fuse 
Fuse to End 
Fuse to End 
Facility Code 
40720111160000 
40720111170000 
40720112100000 
40720113100000 
40720115100000 
Fuse Rt. 220 West of Fairfield 40720117100000 
Fuse to End 
Fuse to End 
Grant Moon Tap Fuse 
Fuse East of Montoursville 
Fuse to End 
HLC to End 
4Cf/20119100000 
40720123100000 
40720124100000 
40720128100000 
40720129100000 
40720135100000 
40720136100000 
40720140100000 
40720144100000 
40720145100000 
Pole No. 
01011779 
01012084 
00000000 
03005071 
03005073 
03005079 
03005080 
03008452 
00000000 
00000000 
03005090 
03005095 
03005096 
03005100 
00000000 
00000000 
Total January 1969 
Cust. Trans. AKVA BKVA CKVA 
1 
4 
1 
1. 
33 
41 
4 
48 
1 
1 
5 
1 
0 
33 
.. 
1 
1 
1 
1 
·s· ·_- . 
11 
3 
14 
2 
1 
8 
1 
0 
14 
1 
1 
0 
·31 
'··· . 
·o 
·:2··. .. 
0 
84 
0 
0 
0 
5 
20 
0 
0 
93 
16 
0 
0 
0 
.2· 
.0 
0 
0 
0 
0 
o:: 
0 
28 
0 
0 1 
0 121 
0 
5 
0 
0 
0 
0 
0 
0 
6 
0 
0 
4 
0 
0 
0 
3 .... 0 
... 
• 
I 
! 
' I 
-.,_ 
Facility Description 
G. M. Firth Tap 
AB to AB 12832 
LB to End 
Federal Aviation Tap 
Fuse Tap Ridge Lane E 
Eck Sand Tap Fuse 
HLC to End 
HLC to Fuse 15310 
Fuse to End 
Fuse to End 
Facility Code 
40720150100000 
40721000000099 
40721000000000 
40721005100000 
40721005100095 
40721009100000 
40721009110000 
40721011100000 
40721015100000 
40721015100095 
407210200()0000 
4072102() 1 ()0000 
40721 ()2() 1 ()0002 
4 o 7 2 1 ( ) :? t r3 ( i ( ) C) o o 
40 7 21();>1.10()000 
Total 
Pole No. Cust. Trans. 
01003747 
03005109 
03005109 
01003733 
01003733 
01003721 
01017640 
01012564 
00000000 
01013215 
01012846 
01012846 
01015360 
01015310 
01012Bt.3 
00000000 
10 
534 
445 
1 
1 
6 
4 
2 
1 
1 
5 
1 
1 
4 
5 
2 
2 
190 
162 
2 
5 
3 
2 
1 
1 
2 
1 
1 
1 
2 
2 
January 1969 
AK.VA BKVA CKVA 
16 12 0 
2366 1434 2200 
1350 661 1469 
287 287 287 
31 
37 
11 
34 
0 
26 
0 
30 
0 
23 
0 
30 
126 126 126 
0 0 0 
81 
76 
76 
s 
17 
31 
76 
76 
76 
0 
0 
31 
76 
76 
76 
0 
0 
31 ... 
0 
N 
• 
:-.· 
Facility Description 
Fuse to End 
All~ndale Tap 
Tap to OCR 9507 
Allendale Tap OCR 
Willow Street Tap 
Fuse-Willow N. of Cherry 
Fuse-Willow N. of Mulberry 
Fuse- Willow N. of Elm 
Gilbert Tap OCR 
Hall Tap Fuse 
Harris Tap Fuses 
Hunter Tap Fuse 
Budman Tap Fuse 
Heri-i 1 Tap F·uae 
•,;· 
Facility Code 
40721026100000 
40721030000000 
40721030100000 
40721030300099 
40721030300000 
40721030100000 
40721030311000 
40721030312000 
' 40721030313000 
40721030500000 
40721030510000 
40721030520000 
40721030530000 
40721030540000 
40721030550000 
40721031100000 
, 
Total 
Pole No. Cust. Trans. 
01012841 
01012838 
01012838 
01009507 
01009507 
01009510 
01013425 
01014196 
01014197 
01009528 
01010773 
01010784 
01010760 
01011954 
01010777 
00000000 
11 
373 
43 
330 
222 
206 
44 
25 
17 
108 
30 
22 
1 
21 
2 
11 
1 
149 
9 
136 
53 
46 
8 
6 
4 
83 
16 
16 
1 
15 
1 
4 
~ .. 
January 1969 
AKVA BKVA CKVA 
18 
668 
131 
537 
82 
0 
0 
455 
97 
95 
10 
8 
4 
23 
0 0 
80 836 
80 0 
0 836 
0 836 
0 836 
0 136 
0 109 
0 68 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 ... e 
• 
Facility Description 
AB to AB 14256 . 
AB to AB 3864 
HLC to End 
HLC to Fuse 13687 
Fuse to End 
HLC to End 
Facility Code 
40722000000099 
40722000000000 
40722003100000 
40722003100095 
40723000000000 
40723002100000 
' 
40723006000000 
40723006100000 
40723006300000 
40723022100000 
40723022100095 
Total 
Pole No. Cust. Trans. 
01012832 
01012832 
00000000 
77014996 
01014256 
00000000 
01012822 
01012822 
01013687 
01003866 
01016653 
89 
3 
1 
1 
86 
4 
12 
61 
4 
1 
24 
2 
1 
1 
22 
1 
19 
5 
14 
2 
1 
January 1969 
AKVA BKVA CKVA 
1016 773 731 
616 620 616 
616 616 616 
616 616 616 
400 153 115 
0 28 0 
388 113 103 
109 103 103 
279 12 0 
29 29 29 
17 17 17 
... 
i 
• 
' I 
'ti('"'. \ i:r_:~_.. I 
• I 
I 
:-1;· 
i 
Substation: Fairfield 
Name 
Wyno Fann Tap 
E. Pennsdale Tap 
Twin Hills Tap 
Allendale Tap 
Willow St. Tap 
Gilbert Tap 
7 Items 
COMPARISON OF FACILITY LOAD LISTING WITII MEASURED LOADS 
Code: 4~07 
Facility Code 
40710120100000 
40710168000000 
40720111100000 
40721030300099 
40721030310000 
40721030500000 
Total 
Calculated 
KVA by 
KVA/KWH 
675A SB 
178A 
180A 
340A 
525C 
220A 
1518 
Field Conditions 
Actual 
Type KVA 
T 95 
T 75 
T 168 
T 150 
T 280(98%) 
T 390 
T 280(991) 
1438 
Measured Measured Bare KVA 
Bare Calculated KVA 
Capacitors KVA _Ra_t_i_o~---------
0 
0 
0 
0 
150 
0 
150 
300 
95 
75 
168 
150 
330 
390 
330 
1538 
1.26 
1.15 
.95 
.83 
.97 
o. 74 
1.46 
8.09 
Note: ( 1) in Column 5 means Power Factor of load with capacitors. 
t 
APPENDIX VII 
Chart A 
.... 
0 
VI 
• 
,. 
• 
Substation: Kenmar 
Name 
Spruce St. 
Mtrsvl. Pump Tap 
Warrensville North 
Warrensville West 
East Hills Village 
Country Club Lane 
~ 
Poor Farm Tap 
Northway Road 
Poe o F n rri: H.o ad 
13 Itt:~1s 
~ . ) 
• 1 
!-· .... 
Facility Code 
41213030300099 
41213055000000 
41215080000000 
41215085000000 
41220501000000 
41220501000000 
41222000000000 
41240180300000 
Total 
.) 
Code: 4-12 
Calculated 
KV4 by 
KVA/KWH 
1230B 
690A 
364B 
274B 
147A 
174C 
415C 
515B 
261A 
400B 
494C 
425A 
270C 
5632 
Field Conditions 
Actual 
Txpe _KV_A __ 
Msrd. 
Bare 
Capacitors KVA 
M 975 0 
M 670 0 
T 303 0 
T 205 0 
T 84 
T 131 0 
T 375(97i.) 150 
T 490 0 
T 260(100%) 150 
T 375(98%) 150 
T 90(97%) 150 
T 360 0 
T 187 0 
4805 600 
975 
670 
303 
205 
84 
131 
430 
490 
305 
430 
445 
360 
187 
SOlS 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
0.80 
0.97 
0.83 
0.83 
0.57 
o. 75 
1.04 
0.95 
1.17 
1.07 
0.90 
0.85 
0.79 
11.43 
APPiNDIX v·rr 
Chart B 
... 
0 
0\ 
• 
--~ --~-----------------------
.. 
... 
Substation: Montgomery 
Name 
Green Lawn 
, Brick Church 
Mtgy.-Muncy Tap 
Plasti-Vac 
Stone Church 
Inn 15 
Maple Hill 
Maple Hill Sect. 
Hontgy.-Watson Sect. 
Nicholnfl Tap 
Sedan 'f ap 
18 Items 
Facility Code 
41910105100000 
41910130100000 
41920130000000 
41923015300000 
41923015350000 
41923015700000 
41923015720000 
41923015723000 
41924000000000 
4192407010000,0 
4 l 9 2 '• 0 h CJ J C) r) ( HJ 0 
Totnl 
Code: 4•19 
Calculated 
KVA by 
KVA/~ 
188B 
140C 
51A 
58B 
22C 
535A 
600B 
465C 
185C 
60A 
52B 
235A 
49A 
165A 
2828 
20C 
S4A 
21. 7B 
3408 
Field Conditions 
Actual 
Type KVA Capacitors 
T 187 0 
T 131 0 
T 24 0 
T 38 0 
T 24 0 
M 590(-96%) 500 
M 777(-99%) 500 
M 634(-98%) 500 
M 144 0 
M 36 0 
M 58 0 
M 210 0 
T 46 0 
T 132 0 
T 244 (99%) 300(150 
Off) 
T 11 0 
T 39 0 
Msrd. 
Bare 
KVA 
187 
131 
24 
38 
24 
665 
900 
730 
144 
36 
58 
210 
46 
132 
280, 
11 
39 
T 261 ( 99i). 3()0 (15 Cl C)ff)3CJ3 
• 35Hh 180C) 3958 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
1.00 
0.93 
0.47 
0.66 
1.09 
1.24 
1.50 
1.57 
.78 
.60 
1.12 
.90 
0.94 
o.ao 
1.00 
o. 55 
0. 73 
1 • :17 
,_ 
] ., "r () I • I 
APPEtiIJ IX VII Chart 
,.. 
0 
"' • 
C 
Substation: West Williamsport 
Name Facility Code 
Mosquito Valley 43511017000000 
Mosquito Valley Sect. 43511017310000 
Winter St. Tap 43511029100000 
W. Mountain Ave. 43513010120000 
s. Wpt. East 4 kv 43515003000000 
s. Wpt. West 4 kv 43515500000000 
Garden View OCR 43533539300000 
Newberry-Quigg levi l le 4343,4 50000000 
No. 3 Bridge Tap 43434545100000 
Nevberry-Quiggleville 43434000000000 
leauty' a Run Tap 43434003120000 
Code: 4-35 
Calculated 
KVA by 
KVA/KWH 
208A 
132A 
145C 
86C 
387A 
468B 
350C 
46A 
43B 
218C 
246A 
634C 
1405A 
1890B 
1780C 
28.4C 
242B 
Type 
Field Conditions 
Actual 
KVA Capacitors 
T 234 0 
T 171 0 
T 150 0 
T 93 0 
M 535(98%) 260 
M 495(99%) 260 
M 465(100%) 260 
Msrd. 
Bare 
KVA 
234 
171 
138 
93 
615 
500 
545 
T 34 
T 34 
T 302 
lOO(Off) 34 
lOO(Off) 34 
lOO(Off) 302 
T 216 
T 530(92%) 
T 1200(-80%) 
T 1730(-99%) 
T 100(99:{) 
T 190 
0 
100 
1250 
1250 
900 
0 
T 860(-951) 700 
T 188(100%) 130 
216 
570 
1200 
2000 
1860 
190 
960 
220 
., 
Msrd. Bare KVA · 
Calculated KVA 
Ratio 
1.12 
1.30 
.95 
1.08 
1.59 
1.07 
1.56 
o. 74 
0.79 
1.39 
0.88 
0.84 
0.85 
1.16 
1.04 
0.67 
1.21 
0.91 
... 
i 
• 
Name Facility Code 
Balls Mills Tap 43535034300099 
Balls Mills East 43435034500000 
Balls Mills South 43535034310000 
Hepburn Baptist Ch. 43535034700000 
Perryville Tap 43535500000000 
Pleasant Valley 43535561100000 
Crescent Tap 43535592300000 
Salladasburg 43535594000000 
Salladasburg Sect. 43535594500000 
Ridge Avenue 43540160214000 
Grimesville Tap 43540160216000 
Doughertys Run Tap 43561045000000 
Doughertys Run Sect. 43561045110000 
Buchanan Church 43561045311000 
Duboistown Rd. 43561075150000 
Ni slJe t -Co 11 on1svi l le 43561()753()0()99 
... 
Calculated Field Conditions 
KVA by Actual 
_KV ____ A ..... /_KWH ______ Type _KV_A __ _ Capacitors 
750A 
210A 
370A 
92A 
565B 
400C 
97C 
130C 
475B 
158B 
561A 
578B 
542C 
109C 
83C 
414B 
771C 
T 650(100%) 400 
T 303(-98%) 225 
T 260(100%) 175 
T 75 0 
T 468(98%) 175 
T 295(99%) 150 
T 102 0 
T 200(-98%) 150 
T 430(98%) 175 
T 172(987.) 75 
T 450 0 
T 420(94%) 100 
T 360(95%) 100 
T 85 0 
T 60 0 
T 370 0 
H 450( lOOt) 270 
Msrd. 
Bare 
KVA 
760 
350 
305 
75 
540 
320 
102 
230 
495 
200 
450 
465 
402 
85 
60 
370 
530 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
1.01 
1.66 
0.83 
0.82 
0.96 
0.80 
1.05 
1.77 
1.04 
1.26 
0.80 
0.80 
o. 74 
0.78 
o. 72 
0.90 
0.69 
• 
,., 
Name Facility Code 
Bastress Tap 43561075700000 
Li-nden Tap 43562000000000 
Anthony Twp. 43562064000000 
Lumber Bridge School 43562064300000 
Anthony Church 43562064111000 
40 Items Total 
• 
Calculated 
KVA by 
KVA/KWH 
268C 
725A 
998B 
639B 
167B 
126B 
17792 
Field Conditions 
Actual 
Type KVA Capacitors 
Msrd. 
Bare 
KVA 
T 296 150(150 296 
Off) 
T 520(100%) 300 610 
T 720(-99%) 550 840 
T 630(100%) 400 740 
T 110(-95%) 100 124 
T 132(-95%) 100 148 
15725 7855 17431 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
1.10 
0.85 
0.84 
1.16 
o. 74 
1.18 
39.37 
APPENDIX VI I 
Chart D .... ... 
0 
• 
----~--~-,-------------------------
Substation: Williamsport 
Name ·racilitx: Code 
Sylvan Dell Tap 43710110321000 
8th Ave. Tap 4371010560000 
Bald Eagle-Maple Tap 43710110900000 
Louisa St. Tap 43730116131000 
Vallamont Hills 43730116132000 
Cemetery Road 43737010110000 
Penn St. 43 7420053000·00 
Sheridan St. 43745015000000 
R it C t1 C' \' st. 43 7!,(,()'-~()()()()(100 
-
18 It en1.e Total 
Code: 4-37 
Calculated 
KVA by 
KVALKWJA 
121A 
79B 
31C 
41B 
233C 
82B 
282A 
46B 
303C 
468A 
293B 
101B 
516C 
100A 
2 71B 
189C 
304B 
334C 
3794 
~.-· ,· 
Field Conditions Msrd. Msrd. Bare KVA 
Actual Bare Calculated KVA 
TiEe KVA Cal?acitors KVA Ratio 
I l 
T 108 
T 65 
T 72 
T 29 
T 210 
T 82 
T 215 
T 38 
T 290 
T 415 
T 170 
T 65 
T 460 
T 180 
T 275 
T 160 
T 220 
T 315 
3369 
\ 
• 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
700(0ff) 
700(()ff) 
700 (()ff) 
0 
0 
0 
108 
65 
72 
29 
210 
82 
215 
38 
290 
415 
170 
65 
460 
180 
275 
160 
220 
315 
3369 
APPENDIX 
0.90 
0.83 
2.35 
0.71 
0.90 
1.00 
0.76 
0.83 
0.96 
0.89 
0.58 
0.65 
0.90 
1.80 
1.00 
0.85 
0.73 
0.95 
18.59 
VII Chart 
.... 
... 
... 
• 
I 
Substation: Muncy 
Name Facility Code 
Muncy-Clarkstown 447101152000000 
Chestnut Grove Tap 447101152800000 
Laurel Run School 447101152820000 
Clarkstown Tap Sect. 44710152400099 
Heilman Tap 44710162100000 
Montgomery-Hughesville 44711000000099 
Newman School Tap 
Hughesville Tap 
Cottage St. Tap 
Trout Pond Tap 
Lairdeville Tap 
447101045100000 
44711075000000 
44711075132000 
44711075170000 
44711075300099 
Code: 4-47 
Calculated 
KVA by 
KVA/KWH 
777A 
201A 
130A 
460A 
61C 
2217A 
2226B 
1849C 
54A 
1248A 
1388B 
1540C 
329C 
194B 
675C 
729A 
278B 
Field Conditions Msrd. 
Actual Bare 
Type KVA Capacitors KVA 
T 515(99%) 270 
T 260(-99%) 195 
T 112(-98%) 75 
T 390(-99%) 270 
T 40 0 
T 1870(100%) 
T 1700(100%) 
T 1700 ( 100%) 
T 47 
T 1260(98io) 
T 1300(95%) 
T 158()(92%) 
H 250 
T 187 
T 495(921) 
T 605 (991) 
T 225 
1315 
1020 
975 
0 
465 
320 
275 
0 
0 
75 
265 
120(0f f) 
600 
303 
130 
455 
40 
2200 
2000 
2000 
47 
1430 
1530 
1700 
250 
187 
535 
705 
225 
' '\ 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
0.78 
1.50 
1.00 
0.99 
0.66 
1.00 
0.90 
1.08 
0.87 
1.14 
1.10 
1.10 
0.77 
0.96 
0.80 
0.97 
0.81 
.... 
... 
N 
• 
' . 
•' •0 \. '~ 
·- ' .. 
Name Facility Code 
Hill School Tap 44711075311000 
Green Valley Tap 44711075320000 
Lairdsville Sect. 44711075500099 
Lairdsville Sect. 44711075600099 
North Mountain 44711075800099 
North Mountain Sect. 44711075900000 
Picture Rocks Tap 4471092000000 
Rensselack Park 44711092180000 
Eagles Mere-Lairdsville44712010000000 
(Sugar Run Tap) 
Frantz School Tap 
Eagles Mere-Laird,. 
Sect. 
Penn Twp. Tap South 
B1gle1 Mere Tap 
44712010110000 
44712010510000 
44712010700000 
44 71300000-0000 
Calculated 
KVA by 
KVA/KWH 
84B 
48B 
552A 
446A 
219A 
87A 
204A 
336B 
23B 
397A 
42A 
S6A 
110A 
ll~A 27 B 
l69C 
Field Conditions Msrd. 
Bare 
KVA 
Actual 
Type KVA Capacitors 
T 56 0 56 
'T 47 120(0ff) 47 
T 465(100%) 265 550 
M 465(97%) 165 529 
T 187(94%) 90 196 
T 112 0 112 
T 150 
T 235 
T 38 
150(0ff) 150 
150(0ff) 235 
0 
T 225(-991) 150 
38 
264 
T 
T 
T 
T 
T 
T 
75 
38 
187(-95%) 
112 
112 
130 
0 
0 
150 
100 
100 8tB 
100 ()ff) 
7S 
38 
208 
112 
112 
130 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
0.67 
1.00 
1.00 
1.16 
0.90 
1.28 
0.75 
0.70 
1.65 
0.66 
1.78 
0.68 
1.90 
o. 95 
0.41 
0.77 
... 
t: 
• 
--~ - ~-------------------------------------
·,· 
Name Facility Code 
Eagles Mere Tap Sect. 44713026000099 
Rankin Tap 44723010300000 
Mohn Park Tap 44725012000000 
Mohn Park Tap Sect. 44725012300099 
Glade Run Tap 44725035000000 
Glade Run Tap Sect. 44725035320099 
43 Readings Total 
Calculated 
KVA by 
KVA/KWH 
62A 
162B 
128C 
132B 
51C 
387B 
100B 
500A 
306C 
65A 
19413 
Field Conditions 
Actual 
Msrd. 
Bare 
Type KVA Capacitors KVA 
T 56 
T 111 
T 130 
T 168 
T 28 
T 356 
T 75 
T 335 
T 244 
T 75 
16839 
lOO(Off) 56 
lOO(Off) 111 
lOO(Off) 130 
0 168 
0 28 
:o 356 
0 75 
0 355 
0 244 
0 75 
6340 18778 
• 
Msrd. Bare KVA 
Calculated KVA 
Ratio 
0.90 
o. 70 
1.00 
1.27 
0.55 
0.92 
o. 75 
o. 72 
0.80 
1.15 
41.45 
... 
... 
• • 
Number of Customers 
• 
1163 
5945 
1778 
10212 
7846 
4583 
31527 
Name 
Fairfield 
Kenmar 
Montgomery 
·• 
Items 
7 
13 
18 
W. Williamsport 40 
Williamsport 18 
Muncy 43 
Total 139 
SUBSTATION SUMMARY 
Calculated 
KVA by 
KVA/KWH 
1518 
5632 
3408 
17792 
3794 
19413 
51557 
Field Conditions 
Actual 
KVA Capacitors 
1438 300 
4805 600 
3586 1800 
15725 
3369 
16839 
45762 
7855 
0 
6340 
16895 
Msrd. Msrd. Bare KVA 
Bare Calculated KVA 
KVA Ratio 
1538 8.09 
5015 11.43 
3958 17.10 
17431 
3369 
18778 
50·089 
Avg. 0.98 
39.37 
18.59 
41.45 
136.03 
APPENDIX VII 
Chart F 
... 
.... 
"' • 
Calculated Voltage Profile---Peak Load Existing Line 
Kemnar Substation Voltage Profiles Case No. 711 
Fairfield, Faxon 1, Faxon 2, E. Wmpt. and Montoursville 
12 kv Lines - March 1971 Study 
Line Segment Name 
From To 
Node Node Volts 
KVA 
Load 
Capacitors 
SW. Fix. 
Generator-Bus 0 BUS 124.0 28732 0 0 
Bus-Lines BUS 001 123.2 0 0 0 
Lines-Sewage 001 101 122.7 33 0 0 
Sewage-Metfab 101 102 122.2 226 0 0 
Met f ab-r.1i 11 St. 102 103 121. 5 137 0 0 
Mill St o -Keebler 103 104 121. 1 1470 0 0 
Keebler-High SC 104 105 121.1 519 900 600 
High SC-Peters 105 106 121. 1 0 900 0 
Peters-Spruce 106 109 118.9 900 0 0 
Peters -i~e Iden 106 107 120.9 0 0 0 
Welden-Bennet 107 108 119.4 200 0 0 
Welden-Tu le 108 110 118.6 408 0 0 
Lines -I_Jvc . t,,1ote l 001 201 12 2. 7 0 0 0 .., 
Lye. t-,f o t e 1- C • C. 201 202 12 2 • It 137 0 0 
C • C • - I_J t n c o l n 202 203 I ? 1 tl ·- .. (') 80 0 0 
Lincoln-East liL 203 204 ]')() I .__ .• 4 415 150 0 
Linc n 1 n - S ·v c an1 or 203 205 1 ') 1 .·· 
·- • b 528 1200 0 
Blat r-S ~1nd lI:Lll 205 2()6 I 2 1 • 2 0 0 0 
Sand Hi 1] -Sou th 206 2()7 1:1 1 .. 1 64 0 0 
Sand 1 l i l ] - ~: C) r t: h 206 208 I ) l • 1 70 0 0 
Syc nr1 n r -/t :-1 i 1 P 205 ') () (} .. l :) l . ; 1500 0 0 
4 ~f i 1 e - ( ) r c r 1 n r d 209 :) 1 i) l?(J.CJ 182 0 0 
0 r ch :1 rd - <;cc· er t V 210 '.l I l 1 ') . ) ', •· I • • • 159 450 0 
Greet' • r I1 . r ii' - 'i l; l F'n1 .. 211 :) 1 ? 1 ') { ') ...... J .... ' 15 () 0 0 
Poor "' \/'11 (~k ~I~ ? l} 1 l (1 • 2 168 8 8 l'l'.-.',l. Mi 11 , , r· ! ] J r i t,() I · - · r1 · ? 1 •• .· .. J • i \ ,/ I ' \ Lines-Purter Q(J l ) () 1 ] '1 1 / 
' ,{, .. ' l 02() 0 0 
p 
-
3 
3 
3 
3 
3 
3 
3 
1 
2 
1 
1 
3 
3 
3 
1 
3 
1 
1 
1 
3 
3 
3 
3 
l 
1 
3 
Tap 
% 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
1 ( )() • 0 
10(J.C) 
l ( ) ( ) • () 
](H).() 
li)(l.() 
]tHJ.() 
ltJU.O 
Line 
KW 
24422 
3309 
3281 
3089 
2972 
1723 
1282 
765 
517 
517 
347 
2986 
2986 
2870 
353 
2449 
114 
54 
59 
1886 
611 
456 
321 
194 
51 
6()14 
Flow 
KVAR 
5406 
:..349 
-367 
-486 
-558 
-1332 
-106 
474 
320 
320 
215 
OCR 
Rating 
Fairfield 
140 
140 
140 
51Faxon 1 
51 
-22 
69 140 
-132 
71 140 
34 
37 
719 
- 71 100 
-167 
199 
l~O 70 
.2 
l 2~i 7 E, Wmpt. 
% 
Load 
90 
61 
41 
36 
13 
28 
47 
APPENDIX VIII 
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"' • 
I I 
From To KVA 
Line Segment Name Node Node Volts Load 
Porter-Eo Wmpt. 301 302 120.0 2500 
E. Wmpto-Sheridan 302 303 119.1 860 
Sheridan-Mead 303 304 118.0 400 
Sheridan-Ritchy 303 305 118.7 90 
Ritchy-Lafayett 305 306 118.5 360 
Ritchy-Hospital 305 307 118.3 1845 
Lines-Becht Sch 001 401 121.5 200 
Becht Sch-Vanuc 401 4Cr2 121.4 452 
Becht Sch-Linen 401 403 120.2 165 
Linen-Clayton 403 404 119.2 582 
Linc n-4 i'-1i le 403 405 119.3 250 
4 Mile-Armory 405 408 118.6 360 
Armory-Paco Fm 408 409 117.6 2000 
Poca Fm-Gr amp in 409 410 116.0 150 
Grampin-End 410 411 115.0 120 
4 Mi le-l'Iorth Ch 405 412 116.1 175 
North Ch-Nor Ex 412 413 114.3 254 
North Ch-Quaker 412 414 115.5 50 
Lines -01. I~ .. Smith 001 501 122.8 50 
M.L~ S n1 i t }1 - S n n d 501 502 112.3 90 
S and - i.; a r re n Rd 502 503 112.2 15() 
Warren Rd -T\.;on 503 504 121. 6 350 
Town->1ti 11)errv 504 505 121. 0 700 ~ 
Mu1bcrrv-Spruce 505 056 12().6 370 
S p r l ! C C' - ;; i C C' ] !r 506 507 I 2 C). 3 130 
Ni. c ci 1 v - t·; l) r 1 t P~1P 507 508 ]1CJ.6 0 
~1ortt p ~., p - 'I'! : l f' 508 .509 J 1 l/ • 2 280 
Tu li·-Sittt':l,t 509 51 O 1 l q. 0 100 
l-{r)n t f1~fl" ,, I r:. -1·:11rvv 508 511 l l (). J 370 
Fnf r,P.·-i'' 1 ··t''' ,., t 'i • .l f ... 1 511 512 1 1 q • 0 120 
C 1 P 1> : :. - F :1 r· r ;1 gut 512 513 1 1 (" . • 1 170 
Farr n,-~u t -Pc,ny p 513 514 11 7. 4 140 
Capacitors 
SW. Fix. p 
-
1050 180 3 
0 0 3 
0 0 1 
0 0 3 
0 0 1 
900 300 3 
0 0 3 
0 0 3 
0 0 3 
150 0 1 
0 0 3 
0 0 3 
900 0 3 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 2 
0 0 2 
0 0 3 
qoo 0 3 
0 0 3 
0 0 3 
Tap 
% 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
]00.0 
10(). 0 
100.0 
10(). 0 
I OCJ. 0 
1 OC1. 0 
100.n 
1 O () • () 
1 on . o 
lCH).n 
100.n 
1 f)() • O 
l OC1. 0 
Line Flow 
KW KVAR 
5147 760 
3022 673 
340 211 
1951 9 
306 190 
1568 -228 
4044 1456 
384 238 
3490 1113 
495 157 
2855 869 
2235 485 
1929 296 
229 142 
102 63 
407 252 
216 134 
42 26 
3190 -73 
3148 -99 
3071 -147 
9 2/!4 -226 
2646 -l. 10 
2051 - 7 79 
1737 _ c, 74 
1626 -1()42 
323 200 
85 53 
1303 -121. 2 
989 -11. 3 7 
887 -601 
742 -690 
.. 
OCR % 
Rating Load 
100: 56 . . 
Faxon 2 
100 39 
140 49 
Montoursville 
140 19 
280 29 
... 
... 
" • 
I 
I 
i 
I 
" i1t • ' 
>a" q 
ii 
··"·"" ' ... 
From To KVA 
.. .,. Line Segtt!ent Name Node Node Volts Load 
Pony F-Loyalvil " 514 117.1 515 190 
Loyalvil-Rea 515 516 118.5 50 
Loyalvil-Ch PMP 515 517 116.2 80 
Ch PMP-Warrnvil 517 518 115.9 80 
Warrnvil-North 518 519 115.4 35 
North-Pleas Val 519 520 114.9 30 
Warrnvil-Winter 518 521 114. 7 75 
Winter-Quaker 521 522 113.9 73 
Warrnvil-West 518 523 115.1 120 
Line-Plaza 001 601 122.6 3200 
Plaza-Reed 601 602 112.0 450 
Reed-Ritchey 602 603 121.4 100 
Ritchey-4 Mile 603 604 120.5 100 
4 Mile-Loyal Hi 604 605 120.0 1800 
Loyal Hi-Reigh 605 606 119.7 90 
·., 
Capacitors 
SW. Fixo p 
-
0 0 3 
0 600 1 
450 0 3 
0 0 3 
0 0 1 
0 0 1 
0 0 1 
0 0 1 
100 0 1 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 3 
0 0 1 
Tap 
% 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100.0 
100 .. 0 
100.0 
100.0 
100.0 
100.0 
Line Flow 
KW KVAR 
623 -764 
42 -574 
419 -290 
351 118 
55 34 
25 16 
126 78 
62 38 
102 
-37 
4879 3024 New 
2159 1338 
1776 1101 
1691 1048 
1606 996 
76 47 
OCR % 
Rating Load 
5.0 19 . . . 
... 
... 
OD 
• 
Books 
Articles 
119. 
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